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CHAPTER 1 
IimOWCJIDN 
The first synthesis of phenanthro[3,4-c]phenanthrene accomplished via a 
twelve steps route was reported by Newman in 1956. He proposed the name 
hexahelicene referring to the non-planar structure of the molecule as a 
consequence of overcrowding of the terminal rings. In 1960 the photoconversion 
2) 
of stilbene into phenanthrene became known , but it took several years 
before this photocyclization was used for the synthesis of higher aromatics. 
and 
4) 
3) Martin used the method in 1967 for the preparation of heptahelicene , a
Wijnberg in 1968 for the synthesis of sulfur-containing heterohelicenes 
The simplified accessibility stimulated the study of the helicenes, and 
because these molecules deviate from what aromatic hydrocarbons 'ought' to be 
viz. planar and rigid, much attention has been devoted to their physical 
properties. 
Until now three reviews have appeared concerning studies of the 
helicenes. In 1971 Wijnberg published a review on the chemical, photochemical 
and spectral properties of thiophenes in which the sulfur-containing 
heterohelicenes take a major part. Martin gave a review, mainly devoted to 
nt 
7) 
carbohel icenes , in 1974 . The most rece t review on carbo- and 
heterohe l icenes was published by Laarhoven in 1984 
The main progress in the chemistry of he l icenes during the l a s t decade 
came from: 
•ί) the. ¿алде ¿пслгаде. in Х-ллу апаіуі&л of. a иаллліу of. ЬдЛісетгл, 
¿¿) the. n&AoiivLLon. of. enanLLomeAA £y HPUL techruqaeA, majjiiy Палее, on chwige.-
taiuvbfjM compiexaLLorii 
iti) алуітеіліс лупіАелел &y cLLffeJLení meihodA, 
ìx>) the. иле of foicje-field c/LÌculationò, 
υ) the. A£.fin/meivi of the. JsvLeKpteiaiion of NflR лре.сіла, 
The primary focus of t h i s t h e s i s i s on the items ¿¿) and JUJ.). 
The f i r s t r e so lu t ion of hexahelicene was achieved by Newman by 
c r y s t a l l i z a t i o n with the a id of a c h i r a l complexing agent , 2 - ( 2 , 4 , 5 , 7 -
t e t r a n i t r o - 9 - f l u o r e n y l i d e n e aminooxy)propionic acid (ТАРА) . The absolute 
conf igurat ion of the enantiomers of hexahelicene has been firmly es tab l i shed 
by c a l c u l a t i o n s ~ , by X-ray ana lys i s ' and by synthes i s . The 
d e x t r o r o t a t o r y enantiomer possesses the right-handed (P) h e l i c i t y . 
9 
P-hejcahetJcerve. Cl-fiexaheXJ-cene. 
The last step in the synthesis of hexahelicene plays a central part in 
this thesis. The photocyclodehydrogenation of 2-styrylbenzo[c]phenanthrene (V) 
in a dilute solution and in the presence of an oxidizing agent gives 
hexahelicene (¿) via .¿/uzrc¿-16d,16e-dihydrohexahelicene (_2) (Scheme 1). The 
overwhelming amount of literature on this type of photoreaction is compiled in 
several reviews ' ' giving details about the scope and mechanism of the 
photocycliza tion. 
(1) (2) (3) 
Scheme. 1 
The Z-isomer of 2-styrylbenzo[c]phenanthrene (V) is converted into both 
the P- and M-enantiomer of hexahelicene (¿). Z-Q.) equilibrates between two 
chiral conformers: P- and K~c-¿i-¿t/n.-(l). Photocyclodehydrogenation of the P-
conformer yields ?-(3), whereas the M-conformer gives M-(jy (Scheme 2). 
Racemic (3) is obtained from the irradiation of (I) under standard conditions, 
as P- and M-c¿4-.áy/i-Q.) are energetically equivalent. 
Various methods have been studied to obtain optically active helicenes by 
means of an asymmetric photocyclization. Four techniques can be distinguished: 
•¿J алуттеілАс ЛупіЛяАІЛ ыііК Ылсиіаліу poiwilzed ¿¿ghit 
-Li) chemJ-caiiy JjìduC-ed алуттеіліс АупіКелілі 
4JJ-) a¿ymiJie¿/U.c лупіЛеліл ¿п. cKuiat лоі епіа, 
•iv) алуттгіліс. лупіКелЬь -in скоЫлЫлЛх. ίύμύά слу-itaíi. 
i) Irradiation with circularly polarized light (CPL) yields enriched 
10 
§??Й=-
и ^ 
H-c-Li-At/n- (1) 
hv 
І2 
M-(3) 
P-C-¿4-4y/l-Q_) 
hv 
І7 
P-(3) 
Scheme 2 
hexahelicene with a small enantiomeric excess (E.E.). Left-handed CPL converts 
(1) preferably into P-(2) (E.E. 0.05%) К The precursor (J,), existing as 
a mixture of the P- and M-conformer in rapid equilibrium at room temperature, 
gives different amounts of excited P- and M-QJ on irradiation with CPL, 
22) 
resultsing in enantiomerically enriched hexahelicene . 
.¿¿J Carboxylic acid derivatives of Q.) have been esterified with chiral 
alcohols, and the products have been used as precursors of hexahelicenes 
substituted at various positions. Appreciable E.E. was found for l-substituted 
hexahelicenes, a lower E.E.-value was obtained for 5-substituted hexahelicene 
and low selectivity was observed in the formation of 2-, 3- or 4-substituted 
. .
 t. 23-25) derivatives 
¿Lt) Irradiation of (1) in chiral solvents yields likewise enriched 
hexahelicene (E.E. 0.04-2.1%) 2 6' 2 7\ The influence of the chiral solvent has 
been ascribed to the unequal, diastereomeric interactions between the chiral 
medium and the enantiomeric forms of the solute. These interactions shift the 
equilibrium between the two Ыл-луп. conformers (P and M) of (_1_) to one side 
and favour the formation of a distinct enantiomer of the primary photocycliza-
tion product (2), which eventually yields optically enriched (3). From the 
results obtained with several chiral solvents it has been deduced, that 
especially aromatic groups in the molecule of the solvent contribute to 
substantial interactions with the precursor (_1) and are consequently important 
for discrimination between the conformers of (I). 
11 
¿νJ Though liquid crystals are known and their physical properties have well 
28—33) 
been examined and utilized over a long period of time , only during the 
last two decades their influence on the physical properties of dissolved 
solute molecules has been investigated. After the first report on the 
34) 
influence of liquid crystals on chemical reactions by Svedberg in 1916, 
this area of research has been dormant for at least 50 years. Since liquid 
crystals possess properties intermediate to liquids and solids, the reactivity 
of a molecule incorporated in a liquid crystal is expected to be different 
from that in an isotropic solvent. The rigidity present in a solid matrix is 
absent in liquid crystals and this permits molecular motion as well as 
conformational flexibility. On the other hand, due to the order in the liquid 
crystalline phase, the randomness in motion and flexibility of the dissolved 
solute, prevalent in solutions, is restricted. 
Liquid crystals do not melt sharply at a certain temperature as normal 
crystals do. The crystal lattice is partly broken at a distinct temperature 
leading to a turbid liquid. On further heating a clear liquid arises. The 
intermediate state, having some unique optical and magnetic properties is 
named the liquid crytalline state. 
Liquid crystals can be classified broadly into two categories, viz. 
lyotropic and thermotropic, depending on the main way in which the order of 
the solid state is destroyed. Lyotropic liquid crystals are formed by addition 
of controlled amounts of water or another polar solvent to suitable 
amphiphilic compounds. Thermotropic liquid crystals are obtained by 
temperature variations, and can be further subdivided into various categories 
such as smectic (soap-like), nematic (thread-like) and cholesteric liquid 
crystals having a macroscopic twist. Smectic phases have a two-dimensional 
structure characterized by the packing of molecules in layers. The arrangement 
of the molecules within the layers may be either random or ordered. In either 
case the long axes of the molecules in a given layer are parallel. There is a 
diversity of smectic modifications which correspond to various tilted or 
twisted arrangements of molecules. In the nematic phase the molecules are 
still oriented in a parallel fashion, but the layer arrangement no longer 
exists. The resulting order is one-dimensional and therefore less restricted 
than that in the smectic phase (Figure 1). The cholesteric phase is only found 
in optically active compounds. It corresponds to a twisted nematic phase, i.e. 
it has a helical structure. The helix is either right-handed (P) or left-
handed (M) (Figure 2). 
Due to its macroscopic helical structure the cholesteric mesophase 
12 
NUWTIC Sñcaic 
îiqute 1: Scheaaiuc нерпеientai-ion of. a nejmutlc and. а лте.сІл.с phaie. 
M- C4A- луп- (I) 
M-(3) 
Tigune. 2: Сотралйлоп of. the. П-ІшІХсліц of a i^fi-handed сЛоІедІгліс р/шле. uUIh 
the. П-соп£алм&л of (]_) and П-hexxihrIjcene. (ì_)· 
seems an ideal chiral matrix for the asymmetric synthesis of (Ъ). In the 
literature, however, much controversy is found about the effect of the liquid 
crystalline phase on asymmetric syntheses . Kagan reinvestigated 
several cases of asymmetric induction in cholesteric media. He concluded that 
in general the effect of the cholesteric raeaophase on the induction is 
negligible. According to Kagan and Dordoni the solute molecules are 
very small with respect to the pitch of the macroscopic helix. They experience 
in their neighbourhood only an achiral nematic microstructure. Moreover, the 
nematic and cholesteric phases are thermodynamically much closer to isotropic 
liquids than to crystalline solids, in which the high degree of order can 
exert considerable stereochemical control and afford appreciable asymmetric 
induction 3 8 · 3 9 ) . 
Despite these conclusions some reports have appeared about the asymmetric 
13 
induction in the photochemical conversion of (1) into (3) in several 
40) 
cholesteric phases. A detailed study of the photocyclization of Q_) in a 
mixture of cholesteryl chloride-cholesteryl myristate (7:4) was presented by 
Hibert and Solladie. They found relatively high E.E.-values induced by the 
cholesteric phase. The presence of a right-handed helix resulted in a higher 
enantiomeric excess of P-(3), the effect of a left-handed helix was opposite. 
41) Nakazaki ' reported, on the other hand, that in a left-handed 
cholesteric phase with a pitch of 0.5 micron P-hexahelicene was the preferen-
tial enantiomer (E.E. 1.1%). The same author demonstrated a similar effect in 
42) 
an achiral mechanically twisted mesophase , in which the induction depends 
solely on the handedness of the pitch, since the molecules of the mesophase 
are achiral. Again a left-handed helix with a pitch of 160 micron (!) resulted 
in a slight E.E. (0.04%) of P-hexahelicene, in contrast with the results of 
Hibert 40>. 
The controversial, but promising results of chiral induction in 
cholesteric phases prompted us to study the asymmetric synthesis of 
hexahelicene in chiral media extensively. Instead of the cholesterol 
derivatives used in the previous experiments, we used cholesteric liquid crys-
tals, containing biphenyl groups and having an extremely short pitch. The 
experiments have not been restricted to liquid crystals. The possibilities of 
chiral induction by isotropic and crystalline phases have been examined 
thoroughly as well. 
The E.E.-values of (3) in the samples obtained from the irradiation 
experiments in chiral media have not been determined by conventional methods 
(optical activity, circular dichroism). These procedures lead to incorrect 
E.E.-values, when side-products of the photoreactions are present in the 
samples to be analysed or when they are contaminated with the chiral solvent. 
For determination of correct E.E.-values we developed a new procedure, based 
on HPLC on a special, chiral stationary phase. This method is described in 
chapter 2. 
Chapter 3 is devoted to the structures of the side-products formed in the 
asymmetric synthesis of (3). Conformational analyses of these dihydrohelicenes 
by NMR methods. X-ray analyses, and force-field calculations are presented. 
The same compounds are obtained in high yield, when the photochemical ring 
closure of (1) occurs in the presence of a base. The mechanistic details of 
the formation of the dihydrohelicenes under these conditions are discussed in 
chapter 4, 
14 
Chapter 5 deals with the asymmetric synthesis of hexahelicene in chiral 
media. 
The thermal racemization of a hexahelicene, sterically hindered by a 
bulky alkyl group at the 1-positlon, is the object of study of chapter 6. In 
chapter 7 the crystal structure of this substituted hexahelicene is presented. 
One of the chiral, crystalline phases used in chapter 5 showed a 
remarkable temperature dependent effect on the chiral induction of (3). 
Chapter 8 describes the results of the X-ray analyses used to determine the 
influence of the temperature on the crystal structure of this phase. 
The chiroptical properties of the enantioraers of alkyl-substituted 
hexahelicenes, separated by the HPLC method described in chapter 2, are 
presented in the appendix. 
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CHAPTER 2 
шшамкгтн or гне 'емА/топЕяю ¿xcess' or нехшиаж AND US œritjL-
sumnurea оошАті гз ву HICH-PEKFORMNU. uomo аоюшодмрну* 
INTRODUCTION 
Hexahelicene is a well known representative of non-planar polycyclic 
aromatic compounds. It occurs in two enantiomeric forms: P-hexahelicene and Μ­
Ι) 2) 
hexahelicene . Newman separated the enantiomers by crystallization with 
the aid of a special chiral complexing agent, 2-(2,4,5,7-tetranitro-9-
fluorenylidene arainooxy)propionic acid (ТАРА). Both R(-)- and S(+)-TAPA form 
diastereoraeric charge-transfer (CT) complexes with the enantiomers of 
hexahelicene. ТАРА, absorbed on silica gel or aluminium oxide, was used with 
3 4) little success in conventional liquid chromatography ' . High-performance 
in an 
5-8) 
liquid chromatography (HPLC) on columns modified with ТАРА resulted 
efficient resolution of the enantiomers of carbo- and heterohelicenes 
These results prompted us to investigate whether the enantiomeric excess 
(E.E.) of hexahelicene and its methyl-substituted derivatives could be 
determined by HPLC. Such an analytical method would facilitate our study of 
the enantioselective synthesis of hexahelicene in chiral media 
9 
9,10) 
P-hejcahe&Lcejie. ñ-h£jcahí¿íc&ie. R(-)-7APA 
The determination of E.E. by HPLC-analysis is prefered to other 
techniques like polariraetry, circular dichroism, or NMR spectroscopy, because 
it combines two important features: only very small amounts of a sample are 
-4 
needed, 10 ul of a 10 molar solution; impurities, whether optically active 
or not, do not interfere with the analysis, unless they happen to have the 
same retention time. These advantages are only valuable, if the HPLC-analysis 
ЫЛ.С. Prinsen and W.H. laarhovai, Published in J. Oinm. 393, 377 (1987). 
17 
fulfils the following conditions: -i) baseline resolution of the enantiomer 
peaks; -Li) short retention time; ¿¿¿) high accuracy and reproducibility; ¿υ) 
long lifetime of the modified HPLC column. 
5-8) The results obtained with ΤΑΡΑ-modified columns are promising, but 
have to be improved to meet our demands. Mikes reported a resultion factor, 
л, of 1.11 and a resolution, R, of 0.75 for hexahelicene with S(+)-TAPA 
coated on silica gel. Numan found я » 1.20 with R(-)-TAPA coated on 
aluminium oxide. We have chosen silica gel as the stationary phase, because of 
better specifications concerning the reproducibility of column packing. We 
prefer the coating technique employed by Numan over the method used by 
Mikes , since the former is more likely to give a modified stationary phase, 
which is very homogeneous and wel reproducible. 
A large amount of ТАРА coated on silica gel (1-2 g/10 g of stationary 
phase) resulted in a long retention time (45 min), and required a relatively 
polar mobile phase (20 % dichloromethane-cyclohexane) . The polar eluent 
enhanced, however, the bleeding of ТАРА from the stationary phase, thus 
reducing the lifetime of the column. The amount of ТАРА has to be reduced to 
make the use of a less polar mobile phase possible, thus minimizing the 
bleeding and the retention time. The question is, whether the resolution of 
hexahelicene can be achieved on reduction of the amount of the chiral 
complexing agent. To answer this, several experiments have been done. 
EXPERIMENTAL 
АрралаіиЛ 
The Spectra-Physics HPLC system used was made up of a solvent delivery 
system (SP870O) equipped with a UV detector (SP8300) operated at 254 nm and an 
computing integrator (SP4100). Stainless-steel columns (20 or 25 era χ 0.46 cm 
I.D.) were slurry packed using carbon tetrachoride to suspend the silica 
particles (Lichrosorb S160/5; Merck, Darmstadt, G.F.R.). 
A Perkin-Elmer 241 Polarimeter was used for the measurement of optical 
rotations. Spectral measurements were done with a Perkin-Elmer 555 UV-VIS 
spectrophotometer. 
ChemlcaÍA 
Chiral R(-)-TAPA was synthesized according to the method of Block and 
Newman '. The identification of R(-)-TAPA has been described . [0]^= -91.5° 
(c = 0.64, chloroform); lit. 11^: - 97" (c = 0.567, dioxane). 
18 
Hexahelicene and several methyl-substituted derivatives were available 
from previous studies. Their syntheses have been published . The details 
of the syntheses and structure elucidations of 5,6- and 7,8-dihydro-
hexahelicene are described in the chapters 3 and 4 of this thesis. 
nocLLfu.cxitA.on. of. the. itaLionany pfuue. 
The silica gel columns used were tested before they were coated. The 
columns should show as little tailing as possible, since coating with R(-)-
TAPA enhances tailing. The test consisted of several experiments with hexa­
helicene as the sample and diethyl ether-light petroleum (b.p. 60-80<'C) 
(5:95). Flaws of the column were revealed in this way. Selected columns were 
eluted for 60 min. with 100% toluene (flow-rate 1.5 ml/min). Then the mobile 
phase was replaced by a solution of R(-)-TAPA dissolved in toluene 
(concentration 10-100 mg/1). One liter of this solution was recycled over the 
column for 16 hours (flow-rate 1.5 ml/rain). Subsequently the column was 
eluted with 15 ml of pure toluene followed by 250 ml of diethyl ether-
light petroleum (b.p. 60-80<>C) (5:95). The performance of the modified column 
was tested by injection of racemic hexahelicene. 
Two types of columns were used for the resolution of hexahelicene on a 
larger scale: a Lobar column (LiChroprep Si 60, Merck, 40-63 ]m, 310mm x 25mm) 
modified by recycling a solution of 1 g of R(-)-TAPA in 2 liter of toluene, 
during 24 hrs., flow-rate 2 ml/min, and then eluted with 60 ml of pure toluene 
and 250 ml of /i-hexane-diisopropyl ether (80:20); a stainless-steel column 
(250 mm x 7.9 mm I.D.) packed with R(-)-TAPA-coated silica gel, prepared by 
addition of 10 g of Lichroprep Si 60 (15-25 um) to a solution of 0.7 gr R(-)-
TAPA in 150 ml of ethyl acetate, followed by removal of the solvent In vacuo. 
RESULTS AND DISCUSSION 
The testing of 20 analytical HPLC columns, modified by the procedure 
described above, revealed that the optimum amount of R(-)-TAPA for the 
resolution of the enantioraers of hexahelicene is 10-15 mg of R(-)-TAPA per g 
of Lichrosorb Si 60/5 (Figure 1), 10 % of the amount applied by Mikes . The 
mobile phase was diethyl ether-light petroleum (b.p. бО- С С ) . The columns 
showed minimum peak tailing and maximum resolution immediately after the 
coating procedure. However, several days elapsed before the modified column 
was stable. After stabilization resolution was slightly reduced and tailing 
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slightly increased, but the modified stationary phase was completely 
satisfactory for our analytical purposes. The tailing had increased to a point 
where it interfered with the desired accuracy of the analysis only after about 
500 experiments. One cause of the diminished performance of the coated silica 
gel was the compression due to the pressure applied; it caused a dead volume 
at the beginning of the column. This damage could be repaired by filling the 
dead volume with pellicular silica gel. Use of a less polar eluens to decrease 
bleeding of ТАРА from the column, could not prevent long-term damage of the 
stationary phase by other irreversible processes. Initially, a nearly baseline 
resolution was achieved with a residual overlap of less than 1% for racemic 
figwve. 1, Сотралілоп of Ьао сАлотаіодлатл of a тЪсіиле. of peniahe£i.cjzn£. (\ 5 ] ) 
and kitx.ahiLU.ceni!. (\6\). a) fU, р/ииелШ. iy ПіЫь .· column, 110 mg of S(+)-
7APA on 1 g of Раліии 7, 2 χ 20 χ. 0.23 cm I.D., тоШі> /¡Нале. 20% cUchlosio-
met/ianiL-cyclohexanje., и = 0,20 cm/¿. [5] ¿л noi lUZAolued. (-)-[6] ¿л ihe. толі 
•bbiongbj /lebUned епапИотел. £.) Column: 75 mg of R(-)-7APA on 1 g of 
U.cK>io¿oi£. SUO/5, (20 + 25 cm) * 0.46 cm I.D./ matite, phtue. 5% cUeihyt еіНил-
Ught реіплішп. (ί,.ρ. óO-SO'C)/ и = 0.18 cm/Ά. [5] -м ¿omewhat /ULòolued. (+)-
[¿] IA the. ¿ongeM. netaMied enantiomen.. The. пит&елл p/Unied пеан the. peak 
такіта one. the. пеіелЫоп Ытел (min). 
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hexahelicene. After 500 experiments, however, the overlap had increased to 5% 
making the column useless for analytical purposes. 
The quality of our modified columns is illustrated by the fact that even 
pentahelicene, which was not resolved by the columns coated with ТАРА used by 
Mikes , is partly resolved under optimized conditions (Figure 1). 
The presence of methyl substituants at the inner positions of 
hexahelicene (positions 1 and 16) has a large effect on the resolution. They 
cause a steric interaction resulting in a less stable CT complex and lower 
capacity factors (A'), cf., hexahelicene, 1-methyl- and 1,16-dimethylhexa-
helicene, and the series 3,14-diraethyl-, 1,lA-dimethyl- and 1,16-diraethylhexa-
helicene (Table I). The presence of methyl groups at other positions in hexa­
helicene results in a stronger СГ interaction, reflected in the higher A' and 
A. values of 2-methyl-, 3-methyl-, 2,15-dimethyl-, 3,14-dimethyl- and 4,13-di-
methylhexahelicene relative to hexahelicene (Table I). 
Mikes found that replacement of the methyl group at the chiral center 
of ТАРА by a bulkier alkyl group resulted in a decreased resolution. He argued 
that a good fit in the complex hexahelicene-TAPA was hindered by a large 
substituent. The group should be small enough to fit in the central hole of 
hexahelicene, yet large enough to discriminate between the enantiomers of 
hexahelicene. The methyl group of ТАРА itself is apparently the most suitable. 
A similar decrease in resolution ia observed, when one of the hydrogens at 
the central positions of hexahelicene is replaced by a larger group. 
^,6-dJÁydiokexaheJXce/ie. 7t8-dMu/dA.ohexa/veJj.c£ne. 
In Table II the results of the resolution of two dihydrohexahelicenes are 
given. 5,6-Dihydrohexahelicene is not resolved, although it has a stronger 
interaction with ТАРА than 7,8-dihydrohexahelicene which is resolved by the 
chiral complexlng agent. The different behaviour must be caused by the 
different positions of the aromatic rings in the hexahelicene skeleton. 5,6-
Dihydrohexahelicene consists of a benzene and a benzo[c]phenanthrene moiety. 
7,8-Dihydrohexahellcene consists of a naphthalene and a phenanthrene moiety. 
In the CT complex of 5,6-dihydrohexahelicene and ТАРА the benzo[c]phenanthrene 
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TABLE I: RESOLUTION OF ALKYL-SUBSTITUTED HEXAHELICENES ON SILICA GEL COATED 
WITH R(-)-TAPA 
HexaheUcjwe. [6] Ц к'
г
 л ft 
[6] 
l-Methyl-[6] 
2-Methyl-[6] 
3-Methyl-[6] 
l,16-Dimethyl-[6] 
l,14-Dimethyl-[6] 
3,14-Dimethyl-[6] 
2,15-Dimethyl-[6] 
4,13-Dimethyl-[6] 
l,3,14,16-Tetramethyl-[6] 
1,З-йі-Іелі.-butyl-[6] 
Pentahelicene 
2.88 
1.74 
3.20 
3.36 
0.70 
2.18 
4.06 
3.78 
3.83 
0.75 
1.02 
1.54 
3.54 
2.08 
4.05 
4.28 
0.79 
2.69 
5.46 
5.05 
5.14 
0.87 
1.13 
1.61 
1.23 
1.20 
1.27 
1.27 
1.13 
1.23 
1.34 
1.34 
1.34 
1.17 
1.11 
1.05 
1.19 
1.10 
1.28 
1.42 
0.50 
1.32 
1.55 
1.43 
1.48 
0.70 
0.55 
0.30 
Capacity factor, A'- (¿„ - i^J/i^, where ¿a m retention time, t* = retention 
time of non-retained solute; resolution factor, л = кУк'.; resolution, R » 
2(¿n, - ¿37)/(ω? * L>p), where ω • bandwidth. Stationary phase: 13 rag of R(-)-
TAPA on 1 g of Lichrosorb Si60/5. Mobile phase: 5% diethyl ether-light 
petroleum (b.p. 60-80oC). Linear velocity и » 0.19 cm/s. Column length: 25 cm. 
TABLE II: RESOLUTION OF TWO DIHYDROHEXAHELICENES ON SILICA GEL COATED WITH 
R(-)-TAPA 
H2x.akeJJ-C£ne. [á] 
*; 
2. 
1. 
0. 
,88 
,84 
,95 
*г 
3.54 
1.84 
1.06 
1 
1. 
0. 
1. 
,23 
,00 
.12 
R 
1. 
0. 
0. 
,19 
,00 
,70 
[6] 
5,6-Dihydro-[6] 
7,8-Dihydro-[6] 
Same conditions and column as in Table I 
part interacts strongly with ТАРА. The benzene moiety has much less interac­
tion, reflected in the absence of any chiral recognition. In 7,8-dihydrohexa-
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helicene both aromatic moieties have significant complexing capacity towards 
the chiral agent, what results in chiral recognition. The complex of 7,8-di-
hydrohexahelicene and ТАРА is weaker than the complex of 5,6-dihydrohexa-
helicene and ТАРА. For a successful chiral discrimination by R(-)- or S(+)-
TAPA the aromatic moieties must be divided more or less equally over both 
halves of the helicene skeleton. 
UeJbejmÀnaLLon. о£ the. 'елапИотелАс ексал-ь" o-f. hexahzLicjenje. 
As described above the aim of this investigation was to develop a HPLC 
method for the determination of the E.E.-values of hexahelicene obtained upon 
the irradiation of the proper hexahelicene precursor in a chiral medium. E.E.-
values obtained in previous experiments were ca. 1% ' * . Therefore 
the accuracy of the HPLC analysis has to be better than 0.5 % to be of value 
for this purpose. The resolution of the enantiomers of hexahelicene could be 
improved by using two coupled modified columns. Figure 2 shows the 
chromatogram of a sample of racemic hexahelicene. It reveals a small overlap 
of the peaks of the enantiomers, calculated to be 0.5% ±0.3%. Tailing of the 
peaks interferes with the accuracy of the intergration, due to a poor signal-
to-noise ratio in the tail of a peak. Therefore the value of the peak 
threshold has to be determined carefully. When this value is too low or too 
high, it leads to a systematic error. To prevent such errors the system has to 
be calibrated with racemic hexahelicene. The standard procedure for the 
determination of the E.E.-value of hexahelicene consisted of three experiments 
with the sample of unknown E.E., and two with a racemic sample to determine 
the correction for peak overlap. In this way the E.E.-value of a sample could 
be determined with an accuracy of 0.5%. When the sample shows an E.E. of less 
than 1%, an experimental error of 0.5% is too large for useful analysis. In 
that case the accuracy of the HPLC analysis can be improved by raising the 
number of experiments. For practical reasons this increase was generally 
restricted to fifteen, reducing the experimental error statistically to 0.3%. 
E.E.-values of less than 0.5% are difficult to determine by integration 
of the peak areas. In such cases, correct information about the E.E.-value 
can be deduced from the ratio of the peak heights of the enantiomers. This 
ratio is sensitive to small variations of the E.E.-value (Figure 2). Com­
parison of the ratio of the peak maxima with that found for a racemic sample 
reveals, whether P- or M-hexahelicene is the enantiomer in excess in a sample. 
Figure 3 presents the chromatogram of a typical sample of enantiomerical-
ly enriched hexahelicene obtained by irradiation of the hexahelicene precursor 
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[_J V <->\J м\ 
7,e-<JiJ46| 5.6-diH-|61 |6) 
10 15 
Figure 2 Figure 3 
Р-ідшіе. 2. СЛлотаіодлат o/L Aocemic h£xaheJJ.cene. ihouing ihe. peak maxima and ihe. 
оиеліщі of. ihe. епалЫотелл. CoruLLLioriA and ліаіЛопалу phate. ал in. ?igane. 74. 
Тідиле 3. С/ілотаіодлат of a тіхіияе. of 'i,6-dÁhydnx>hexaheíicenje. (b,6-<LiH-\.6\)t 
7ti-eUhydnohexaheiLcene (7,8-cLiH-[6])t and hexaheiicene [6], Column: 75 mg of 
R(-)-7APA on 1 g of ¡ЖЛлололЛ. £¿50/5, (20 * 25) * 0.46 cm I.D.. PloUle ркале.: 
dieihyl еіАел-реілоІеші еіКел (l.p. 60-80'C) (5:95); a = 0.79 cm/ò. 
in a chiral solvent . Unmistakably two side-products have been formed, ident i -
fied as 5 ,6 - and 7,8-dihydrohexahelicene. The presence of these compounds in 
the sample prevents an accurate determination of the E.E.-value by polarimetry 
or CD, but the HPLC analysis appears a re l iab le method of obtaining an 
accurate E.E.-value. 
In the f ina l part of th i s chapter several applications of HPLC on s i l i c a 
gel coated with R(-)-TAPA are discussed. 
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Se.paiuitíon o¿ the. еп.а/ Ы.отело of. meAhyi-AuiLitiijited. /ъехаНе/лсепел ала the. 
deieJuiLLnaLiOn. of. іе-іл лре.сл.£сс Aotatíon. 
In order to study the specific rotations of methyl-substituted hexaheli-
cenes such helicenes have to be separated into enantioraers. For an accurate 
measurement of the optical activity, samples of about 1 mg are needed. The 
collection of such an amount by HPLC on an analytical column is very time-
consuming, we therefore chose a large-scale procedure. We used the modified 
Lobar column (see Experimental section). In order to test the method, racemic 
hexahelicene was separated; a sample of 10 mg dissolved in 3 ml of dlisopropyl 
ether-hexane (40:60) was injected on the Lobar column by means of a loop. The 
mobile phase was dlisopropyl ether-hexane (5:95), flow-rate 2.5 ml/mm. The 
fractions (each 10 ml) were analysed by HPLC. It appeared, that the mixture 
was only partly resolved. The enriched fractions were concentrated and 
reinjected on the Lobar column.. In this way a set of fractions was obtained 
having E.E.-values from 75% for M-hexahelicene to 80% for P-hexahelicene. The 
optical rotations of the fractions varied from 0.3° to 0.8" (±0.003·). The 
hexahelicene concentrations were determined by UV spectroscopy, except for the 
third sample (E.E. = 19.3%), which was determined gravimetrically, because it 
could be crystallized. The specific rotations calculated from these data have 
been collected in Table III. Their mean value is 3690° ±45° , in excellent 
2) 
agreement with that obtained by Newman (3675° ±35°). 
TABLE III: SPECIFIC ROTATION OF HEXAHELICENE DETERMINED FROM ENANTIOMERICALLY 
ENRICHED SAMPLES OF HEXAHELICENE. 
dn ConcentAat-ion. [α]^ £.£. Га]д 0¿ hexahe^ícenje. 
С) (д/100 mí.) С) (%) (°) 
+ 0.442 
+ 0.767 
- 0.263 
- 0.643 
- 0.597 
0.0151 
0.0349 
0.0374 
0.0282 
0.0206 
+ 2930 
+ 2200 
- 705 
- 2280 
- 2900 
82.5 
59.2 
19.3 
60.4 
76.9 
+ 3550 
+ 3710 
- 3645 
- 3775 
- 3770 
a D = Measured optical rotation; [alp =• specific rotation of sample; [α]β of 
hexahelicene = specific rotation of hexahelicene (E.E. » 100%); wavelength » 
589 nm; solvent » chloroform; temperature » 25eC 
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TABLE IV: SPECIFIC ROTATIONS OF METHITL-SUBSTITUTED HEXAHELICENES 
H&xafieiicene. [6] I«]fl о 
[6] 
l-Methyl-[6] 
2-Methyl-[6] 
3,14-diMethyl-[6] 
3680 ± 45 
3345 ± 40 
3790 ± 30 
3670 ± 40 
[o]
n
 - Specific rotation of belicene; other details as in Table III. 
Encouraged by this success we repeated the procedure for 1-methyl-, 2-
methyl- and 3,14-dimethylhexahelicene. The mean values of the specific rota­
tions of these compounds have been collected in Table IV together with their 
standard deviations. Chromatograms of enriched samples are shown in Figure 4. 
.ΛΔ 
Т¿.доле. 4. САлотаіодущли o¿ елл-íched латріел o/. hjeJLLcemzA. А) (- )-Hex.aheJJ.c£nje.i 
S) ('* И'-Пе&щіАлхакеІІсепе./ С) (+)-2-Пеі/щ^АехаАеЛіселе.і D) (-)-3,U-Di.-
meiJiylhex.aheJJ.cene.. ComLiLLonò ал -¿п. fígu/ie. li. Reiention time-i in nun. 
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Ti.gi±njz 5, СИлот.аі.одлатл o/. en/LÍcJied оатрілл of. li 10-d.imeihyShex.ahiJU.c.ene.. 
AJ (+)-1,16-dJme¿hy£hex.ahe¿J.ce№ oUjuned а£Ыл one. eJution on LiCtviopsi&p SióO 
(15-25 um) coated wWi fl(-)-7APA (70 mg on 7 g of ЦСЛлоршр). В) A£Un. Ыо 
eJtxiLionA on the. лоте, ¿taiionany phxute. С) (-)-l, 16-ßimeiAy£/iexaheJJ.cen£. 
oiía-ined а£Ьел tuo еМііЛопл on the. лоте. л£аіА.опалу pfune.. Coturni: 15 mg of 
R(-)-7APA on 1 g of LiOuiotoni. SjJ>0/5, (20 * 20 * 25 cm) 0.46 cm I.D. ПоШя. 
рНале.: dLLeihyl eth^i-íighi petmolewn (6..p. 60-80°С) (5:95); и = 0.24 ап/л. 
RetenLion time, ¿η min.. 
The Lobar column fa i led to separate the enantiomers of 1,16-dimethylhexa-
he l icene . The data c o l l e c t e d In Table I demonstrate, t h a t 1,16-dimethylhexa-
hel icene i s poorly resolved by R(-)-TAPA. Therefore, we changed t o a f iner 
type of s i l i c a gel (15-25 ym) and used another coat ing technique (see 
Experimental s e c t i o n ) A 5-rag amount of 1,16-diraetylhexahelicene was dissolved 
in 2 ml of d i i sopropyl ether-hexane (2:98) and in jected on the column by means 
of a loop. The mobile phase was di isopropyl ether-hexane (2:98) ( f low-rate 
2 ml/min). F r a c t i o n s of k ml were col lected and analysed by HPLC to measure 
the E.E.-value. The new column gave very good r e s u l t s . The highly enriched 
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TABLE V: SPECIFIC ROTATIONS OF SEVERAL DERIVATIVES OF HEXAHELICENE 
Hejcah&tLC&ne. [6] 
Мд (°) 
3-Methyl-[6] 3190 ± 40 
l,14-I>lmethyl-[6] 3350 ± 40 
I,I6-Dimethyl-[6I 3040 ± 60 
2,15-Dimethyl-[6] 3990 ± 50 
l,3,14,16-Tetramethyl-[6] 3070 ± 40 
l,3-Di-¿eyi¿.-butyl-[6] 2740 ± 60 
7,8-Dihydro-[6] 1790 ± 40 
Details as in Table IV. 
j V_ J 
figuAje. 6. СЛлотаілдпато of. enn-Lched iampleA of hzLt-czruzA, A) (+)-3-fle¿hyihexa-
ЛгАісел£/ В) (+)-1 ,H-(UmeiÁyíhexahíti.cene.l С) (+)-2,1')-dJMeiÀyihexah&£j-c£n£.l 
L>) (+)-1,3,14,16-teisuameihyihexaheAicenje.} ¿) (+)-1,1-dí-ieAÍ.-íuty£fiex.aheít.-
cjejte./ Τ) (+)-7,&-ijUhydA.oh&x.ahe&LCjene.. Condiiiom and ¿toLLonany ркале. ал ли 
Т^диле. 5. 
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fractions (E.E. > 80%) were collected and reinjected on the column. After two 
experiments the E.E.-value was over 95% (Figure 5). Each experiment took about 
half an hour. After repeating this procedure several times the portions of 
highly enriched 1,16-dimethylhexahelicene, (+) as well as (-), were large 
enough to crystallize. The concentrations of the highly enriched samples was 
determined by weighing. The specific rotation of 1,16-diniethylhexahelicene 
could then be evaluated. The enantiomers of 3-methyl-, l,lA-dimethyl-, 2,15-
dimethyl-, 1,3,14,16-tetramethyl-, l,3-di-ie^¿.butyl- and 7,8-dihydrohexa-
helicene were separated by the same procedure (Figure 6). The specific 
rotations of these compounds have been collected in Table V. 
(-4W \ w > 
" Τ " 
10 
г 
15 
Tj.gan£. 7, ChA-omatog/um of a nuxiuie. of 1f16-, 1,14- and. ii14-cLm&thi)ihexahjzLL-
ceivL (1,16-d¿fle.-[6}, 1, 14-djñe.-[6 ] ала ì,14-<Ltfle.-[6], /шлре.с£±иеЛу ) . Соішпп: 
15 mg of R(-)-7APA on 1 g of ІЛЫОООПІ. ЗЛО/Ч, 20 cm х 0.46 cm I.D. flolUz 
pfiaie.: cUeihyt еіЛел-tLghi реілоіеит (&../>. 60-80'C); и - 0.75 cm/¿, 
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The. Л£.ралпіл.оп. о/ ле елаі ал/щхііл ел oJL kejcaheJj-ceiie. 
The applications of a stationary phase coated with ТАРА are not 
restricted to the separation of enantiomers. Several difficult purifications 
are easily achieved by means of this modified silica gel. Irradiation of 2,7-
bis(ra-inethylstyryl)naphthalene gives a mixture of 1,16-, 1,14- and 3,14-di-
14) 
methylhexahelicene , which is difficult to separate on conventional 
materials. Figure 7 shows the chromatogram of a mixture of 1,16-, 1,14- and 
3,14-dihexahelicene on silica gel coated with R(-)-TAPA. The same column as 
applied to the resolution of 1,16-dimethylhexahelicene was used to separate 
this mixture. The amount of sample that can be separated in one experiment 
depends on the solubilities of the components in the mobile phase: dusopropyl 
4 r« 
В « 
« ¡ И Ν 
F« Η Ν 
ft' 
I 
I 
I 
I 
I 
I 
I 
I 
l-te-[6] 3-Me-[6] 
5 10 15 20 2 5 30 mm 
tignile. 8. Ch/iomatognam of. a лихішіе. of. 1 -meiÁyihexaheIj.ceiví (J-ñe.-[6]J and 3-
>n&iAy&iexahe£iC£ne. (3-ñe.-[6]J, Same, соі лт. and motile. рНале ал ?4.дшіе. li./ и = 
0.17 ст/л. 
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ether-hexane (5:95). A loop of 5 ml was used for this chromatographic separa­
tion; by which about 10 mg of the mixture was injected on the column. 
Figure 8 shows the chromatograra of a mixture of 1-methyl- and 3-methyl-
hexahelicene obtained by irradiation of 2-(m-methylstyryl)benzo[c]phenan-
13) threne . This mixture is easily separated by the same chromatographic 
procedure described above for the mixture of 1,16-, 1,14-, and 3,14-dimethyl-
hexahelicene. 
Figure 3 shows the chromatograra of a mixture of hexahelicene, 5,6- and 
7,8-dihydrohexahelicene obtained by irradiation of 2-styrylbenzo[c]phenan-
19) threne in chiral solvents . The separation of the mixture was realized on 
the same column and under identical conditions as used for the separation of 
the mixture of 1,16-, 1,14- and 3,14-dimethylhexahelicene. 
Ttie. AzpanjaJLLon of. acKUmS. poh/cycLLc алотпіЛл сотроиппл 
Chromatographic data for several common non-chiral polycyclic aromatic 
compounds on a column modified with R(-)-TAPA, have been collected in table 
VI. The data demonstrate clearly, that R(-)-TAPA coated on silica gel is an 
efficient selector for polycyclic aromatic compounds. This knowledge was 
applied successfully to the identification of unknown components of a fraction 
TABLE VI: CHROMATOGRAPHIC DATA FOR NON-CHIRAL POLYCYCLIC AROMATIC COMPOUNDS ON 
SILICA GEL COATED WITH R(-)-TAPA. 
Compound Capacliy ¿асіол, 
Benzene 
Naphthalene 
Acenaphthylene 
Phenanthrene 
Anthracene 
Pyrene 
Fluoranthene 
Chrysene 
Benzo[a]pyrene 
Perylene 
Coronene 
0.10 
0.33 
0.64 
1.31 
1.86 
2.24 
3.66 
15.00 
25.35 
31.02 
> 35.00 
Same column and mobile phase as in Figure 7. u = 0.19 cra/s. 
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obtained by distillation from creosote . Creosote is a coal-tar derived 
pesticide used for the preservation of wood. It contains a complex mixture of 
polycydic aromatic compounds. The particular fraction showed volatile 
mutagenic activity. It contained a mixture of unidentified compounds. The 
procedure described above for the separation of 1,16-dimethylhexahelicene was 
used for their isolation. A 1 ml-loop was used to inject the sample on the 
column. It contained about 10 mg of sample. Pyrene and fluoranthene proved to 
be the main components of the sample, the latter having been identified as the 
20) 
volatile mutagenic compound present in creosote . 
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CHAPTER Э 
SyN7H£S£S, COKFOMWIONAL ANALffSeS, X-Mtf M/Uf/S£S, AMD ГОЯСЕ-ПИП 
CAirnmiONS Of 1,Я-йІЩіШ£ХІШиШ£ AM) Sfb-MiQWOHEXAHELKElta 
INTRODUCTION 
2-Styrylbenzo[c]phenanthrene (j^ ) belongs to the c lass of s t i l b e n e - l i k e 
compounds. The photocyclodehydrogenation of Q) yielding hexahelicene (2) i s a 
well-known photochemical reaction of th i s compound (Scheme 1 ) . 7пшіл-\Ы,16e-
dihydrohexahelicene (_2) has been accepted as the primary photoproduct. The 
oxidation of (2 )^ occurs in the presence of 0 , , I , , TCNE, and other 
dehydrogenating reagents - . Besides the oxidative reaction, (2) undergoes, 
thermally as well as photochemically, a ring opening reaction back to Q.)· 
(5) (5) (4) 
SCHEJK. 1 
The unstable primary photocyclization product (¿) can rearrange to more 
stable isomers. The rearrangement of (І) under argon by a [ l ,5]-suprafacia l 
hydrogen sh i f t into jUan4-6a,16d-dihydrohexahelicene (J¡), a compound very 
sens i t ive to oxidation, has been reported ' . The presence of only a trace 
of I - altered the reaction pathway, result ing in the formation of 5 ,6 -
W.J.C. Prinam, W.H. Іяагію аі, W.P. Boaran, H. Beta and P.T. Beurskens, Reel. Tfcav. (Mn. 
РЬуэ-Ваз, accepted for publication in concise versicn. 
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dihydrohexahelicene (5), a stable isomer of (_2). Its structure was assigned by 
means of its 360 MHz-NMR spectrum . 
While investigating the formation of enantiomerically enriched 
hexahelicene (3) by irradiation of (1) in liquid crystals we observed the 
formation of two compounds in variable but usually small amounts, which 
according to their mass spectra were dihydrohexahelicenes. In an effort to 
obtain sufficient of these compounds to determine their structure and physical 
properties, we irradiated (1_) in a primary amine as solvent. This latter 
method resulted when using stilbene as the substrate in 9,10- and 1,4-
dihydrophenanthrenes in high yield. Recently the mechanism of their formation 
8) has been elucidated . 
Indeed two dihydrohexahelicenes, (5) and (6), were obtained by this 
procedure. In this paper we report their isolation and structure elucidation. 
9) 
It is of interest to note that Newman reported a stable dihydro­
hexahelicene, which was formed during the first, not photochemical, synthesis 
of hexahelicene ( 3 ) . Only guesses were made about the structure of the 
dihydrohexahelicene. It could not be converted into hexahelicene (3) by DDQ, 
however. The latter behaviour and the corresponding melting points and UV 
spectra of Newman's compound and the newly identified dihydrohexahelicene (6) 
may suppose, that they are identical. 
SYNTHESIS 
A solution of (1) in n-butylamine (c - 300 mg/1) in a 50 ml Pyrex tube 
was irradiated at 300 nm for 16 hrs. After evaporation of the solvent followed 
by flash-chromatography on silica gel (Merck Kieselgel 60H, eluent: n-hexane) 
of the reaction mixture, three compounds could be detected. These compounds 
could not be separated preparatively by chromatography on conventional 
stationary phases. Silica gel coated with a chiral complexing agent, 2-
(2,4,5,7-tetranltro-9-fluorenylidene aminooxy)propionic acid (ТАРА), designed 
for the separation of the enantiomers of hexahelicene (3) by Newman , 
proved to be an excellent stationary phase for the separation of the 
irradiation mixture . One of the isolated compounds was identified as 
hexahelicene (3). The two other products were isomers as followed from their 
mass spectra, which showed a parent peak at m/e = 330.1410 and m/e » 330.1403 
respectively, in accordance with С.ЛІ.д (m/e = 330.1409). The NMR spectra in 
CDC1„ revealed, that both compounds had four alicyclic protons giving a 
complex ABCD pattern around 3.0 PPM. One compound turned out to be 5,6-
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dihydrohexahelicene (_5), whose structure had been elucidated before . The 
other compound proved to be a new stable dihydrohexahelicene, (6), whose 
structure was deduced from the NMR spectrum and confirmed by X-ray analysis 
(see below). 
NMR SPECTRA OF 5,6-DIHYDROHEXAHELICENE AND 7,8-DIHYDROHEXAHELICENE 
After the separation of the three compounds and purification by 
crystallization the NMR spectra of the two dihydrohexahelicene isomers were 
recorded at 500 MHz in CDC1_. The numbering of the positions and the indexing 
of the rings by letters as used in the discussion of the NMR spectra is shown 
in Figure 1. The alicyclic region of the NMR spectrum of the new isomer (6) 
showed great resemblance with that of (5)ш No coupling of the alicyclic 
protons with any proton in the aromatic region of the spectrum could be 
detected. Therefore these four hydrogen atoms had to be bonded to a single 
alicyclic ring. This, together with the presence of two patterns of aromatic 
terminal rings indicated that ring С was not aromatic. Double irradiation of 
the two alicyclic protons at 3.00/3.01 PPM induced a N.O.E. enhancement of the 
signal of the aromatic protons at 7.59 PPM, not bonded to a terminal ring. 
This demonstrated unambiguously, that the unidentified isomer was 7,8-
dihydrohexahelicene (6). 
The chemical shift values of the aromatic protons of (5) and (6) are 
collected in Table I together with the data of (3) for comparison . Due to 
the absence of a ring current in ring В (of (5)), and in ring С (of (6)), the 
protons of the neighbouring rings absorb at higher field. The effect of the 
lacking ring current diminishes fast with increasing distance, as follows from 
comparison of the values collected in Table I. The differences in the chemical 
shifts of the protons H3, H4, H7, H8, H9 and H10 in (5) relative to (3) result 
Τ ¿gate. 1, The. питИелллд and Indexing of. ihe. hexaheiicejie. ¿keaeion, 
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TABLE I: COMPARISON OF THE NMR-DATA OF THE AROMATIC PROTONS OF HEXAHELICENE 
(1), 5,6- (5) AND 7,8-DIHYDROHEXAHELICENE (6) IN CDC13 
PROTON (3) (5) (6) 
6.27 7.40 
6.32 6.62 
6.85 7.15 
7.25 7.72 
7.77 7.74 
7.23 7.14 
6.90 6.71 
7.98 7.01 
7.79(7.80) 
7.59 
7.54 
7.82 
7.85 7.59 
7.85 7.80(7.79) 
7.87 7.69 
7.80 7.75 
from the absence of deshielding by the alicyclic ring. The difference is 
largest for H4 and H7: 0.4 - 0.5 PPM. It decreases to 0.3 PPM for H3, while 
for H8, H9, and HIO it amounts 0.1 PPM. The same effect is observed for the 
protons H9, HIO, Hll, and H12 of (6). The difference solely caused by absence 
of a ring current is largest for H9: 0.36 PPM. For HIO, Hll, and H12 the 
effect amounts to 0.1 - 0.2 PPM. The downfield shift of H16 in (5), 0.4 PPM, 
is caused by the absence of a ring current in ring B, which shields H16 in the 
case of (3). The very large upfield shift of HI of (5), 1.31 PPM, is partly 
the result of the absence of the neighbouring ring current. For a substantial 
part, however, this shift raust be caused by the altered conformation of (_5) 
with respect to (3), resulting in a decrease of the Van der Waals interaction 
and an increase of the shielding by the overlapping ring E. In (6) both HI and 
H16 show an upfield shift. The upfield shift of HI, 0.18 PPM, as well as the 
upfield shift of H16, 0.57 PPM, are a consequence of the absence of a ring 
HI 
H2 
H3 
H4 
H13 
H14 
H15 
H16 
H5 
H6 
H7 
H8 
H9 
H10 
Hll 
H12 
7.58 
6.65 
7.18 
7.78 
7.78 
7.18 
6.65 
7.58 
7.87 
7.88 
7.92 
7.95 
7.95 
7.92 
7.88 
7.87 
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« J LO 7Л ?J> 1Л TJ 1J> U U W * J 
ÉJ t O ТЛ IJ> f ^ Τ,Ι Ϊ Λ ( J к * к Л « J 
f^ u/t« ¿.· /Лг алотаіЛс л£.ді.оп of. the. 500 /Wz / /И ¿ре.сіла. -¿я СДС^ о^ .' aj 7,5-
dMmdn.ohjex.aheJJ.c&ne., and &.) 5*b-dihytOioliZKahellcene.. 
current in ring C, which deshielas HI and H16 in the case of (3.)· The aromatic 
regions of the 500 MHz NMR spectra in CDC13 of (5) and (6) are presented in 
Figure 2. 
Both compounds (5) and (£) possess four alicyclic hydrogens giving a 
complex ABCD pattern in the region 2.8-3.2 PPM (Figure 3). The multiplets of 
the -CH.-CH,- groups of (^ ) and (6) could be simulated using the ITRCAL 
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29 2 θ ΡΡΜ 
JuLAUütLJllU 
Tj-gunjg. S: 7/ie. aítcyc-tíc /leg-ion. of. ihe. 500 Κίζ ipe-cÍAn. -сп. СИСЛ. of. 5,6-
djJyjdA.ohexaheJLi.CiZne. (5_) and 7,8-cUhycOioh£xaheJu.c£nA (6_). a) (6_) -i-umiiaiedi S.J 
(6_) ехрелмпелілС, с) (5) ех.ре/ителімЛ, d) (5_) ¿¿mutaíed, 
program (Bruker). The chemical shifts and coupling constants of the alicyclic 
protons in CDCl. at 500 MHz have been collected in Table II. 
The values of the coupling constants of the two sets of alicyclic 
protons show only very small differences, indicating that their conformations 
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TABLE II: NMR-SHIFTS (PPM) AND COUPLING-CONSTANTS (Hz) OF THE ALICYCLIC 
PROTONS OF 5,6-DIHYDROHEXAHELICENE AND 7,8-DIHYDROHEXAHELICENE IN CDC1-
5,6 -DmyDROH¿XAH¿LIC£N£ 
H5a H6e H5e H6a Jc , Jc J_ , Jc , J, J, , 5aoe 5g 5aoa 5e6e 6g 6a5e 
3.23 3.13 3.02 2.89 4.8 -U.O 15.5 2.0 -15.5 4.5 
7, а-ошуоюнгхшасене 
H7a H8e H7e H8a J 7 a 8 e J 7 g J 7 a 8 a J 7 e 8 e J 8 g J 8 a 7 e 
3.13 3.01 3.00 2.83 4.5 -15.0 15.5 2.0 -15.0 4.8 
H5a, H6a, H7a and H8a are the "axial" protons. H5e, Нбе, Н7е and Н8е are the 
"equatorial" protons. J is coupling constant of two "axial" protons, J is 
coupling constant of two "equatorial" protons, J is coupling constant of an 
"axial" and an "equatorial" proton, J is coupling constant of two geminai 
protons. 
are very similar. Both dihydrohexahelicenes can be regarded as derivatives of 
cyclohexadiene. Cyclohexadiene itself possesses two equivalent conformations, 
in which two of the alicyclic hydrogens occupy "axial" positions and remaining 
two are found at "equatorial" positions. These cyclohexadiene conformations 
lead to non-equivalent conformations A and В for (5) and (6) (Figure 4). 
Interconversion of the confonnations A and В may be brought about by a twist 
over the C(23)-C(25) in (5), or a twist over the C(21)-C(23) bond in (6). 
Calculations using Allinger's MM2P-method indicate, that for both 
dihydrohelicenes conformation A is the favoured conformation. This is 
consistent with the X-ray analyses of (5) and (6), which demonstrate, that 
only conformation A occurs in the crystalline state (see below). 
The "axial" protons, H5a and H6a in (5J , H7a and H8a in (6), experience 
almost equal influences of the ring currents in the neighbouring rings, but 
only H5a and H7a are deshielded by the opposite terminal ring (see Figure 4, 
conformation A), causing a higher value of the chemical shift of this proton. 
Once the exact shifts of the "axial" protons were known, the shifts of the 
"equatorial" protons, H5e and H6e of (5) and H7e and H8e of (6^), could be 
deduced from the results of the simulated spectra. From the spin-spin coupling 
constants dihedral angles (D) in the ethylene moieties of (b) and (6) can be 
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Λ) В) 
С) DJ 
Т-ідііле. 4: 7/ е. con.f.onmaiJ.onA A and В o¿ 5,6-dMiyiln.oh£xake£¿.cejie. (5_) and 7,8-
сШщсілоН£х.а}ьеи.с£ііе. (6_) OA calcu&vbed íy АЫілдел' л Пп2Р-рлодіат (¿ея. rioter 
Tatíe. III). A) co/i¿OMiatíon A o¿ (5_), В) con/onmation В о£ (5_), С) 
con^otmatíon. А о£ (6J, В) con^onmaLLon. В о£ (6_)ш 
c a l c u l a t e d using cos2Y - 3/(2 + 4R) 1 2 ^ ; D = 120° + Y ; D - 120° - Y, and 6
 .\Λ аа ' е е 
R =• 0.5 ( J + J )/J . Using these formulae the d ihedra l angles in (_5) 
and (6) have been c a l c u l a t e d taking for J the mean of the two s l i g h t l y 
d i f f e r e n t values of J presented in Table I I ( 4 . 5 Hz and 4.8 Hz). As far as 
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TABLE III: DIHEDRAL ANGLES (degrees) IN (5) AND (6) FROM X-RAY DATA 
COMPARED WITH VALUES DERIVED FROM NMR DATA AND CALCULATED VALUES (standard 
deviations of X-ray data between parentheses). 
mHEORAL ANQLL 
H5a-C5-C6-H6a: 
H5e-C5-C6-H6e: 
H5a-C5-C6-H6e: 
H5e-C5-C6-H6a: 
H7a-<:7-C8-H8a: 
Н7е-С7-С8-Н е: 
H7a-C7-C8-H8e: 
H7e-C7-C8-H8a: 
x-my 
178 
70 
60 
47 
178 
61 
66 
56 
M7A 
(5) 
(6) 
(5) 
(5) 
(3) 
W 
(4) 
(4) 
NUR DA7A 
176 
64 
56 
56 
176 
64 
56 
56 
САІСШАТО) 
(Warshel) 
185 
59 
58 
58 
(MM2P) 
176 
62 
58 
57 
179 
58 
62 
61 
(Warshel): a SCF-force-field method (the MCA/QCFF/PI program package by 
Warshel et al. '; (MM2P): Allinger's MM2P-program: Molecular Mechanics 
Version 2; 77-Force Field MM2 with MMP1 PI subroutines incorporated (1982), 
based on QCPE 395 & QCPE 400 (TRIBBLE version), N.L. Allinger, Department of 
Chemistry, University of Georgia, Athens, Georgia 30602. 
we know these formulae have been applied only once to a cyclohexadiene system. 
In that case, viz. dihydronaphthalene, calculated values of dihedral angles 
deviated ca. 6° from those derived from micro-wave spectroscopic data of 
14) 
cyclohexadiene . The values of the dihedral angles obtained from different 
sources have been collected in Table III. The dihedral angles calculated from 
NMR data lie in the range of the results of the X-ray analyses of (J5) and ((>). 
The values of the dihedral angles calculated using Allinger's MM2P program are 
presented also in Table III. All calculated values lie in the range of the X-
ray data. The structure of (У) had been calculated before using a SCF-
force-field method: the MCA/QCFF/PI program package by Warshel et al.. The 
value obtained by this program for the dihedral angle H5a-C5-C6-H6a deviates 
from the values calculated from the NMR data and by the MM2P program. The 
results of the X-ray analyses, the NMR spectra and calculations indicate a 
similar conformation of the alicyclic parts of (¿) and (£). 
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X-RAY ANALYSES AND COMPUTER ASSISTED MOLECULAR MODELLING 
The X-ray structure analyses of the dihydrohexahelicenes (_5) and (6^ 
confirmed the structure elucidations of (5) and (6) based on their NMR 
spectra. The X-ray data of (5) and (6) are collected in table 4 together with 
those of (3) for comparison . The conformations of these three compounds 
have been calculated by Allinger's MM2P method using the X-ray structures as 
the starting conformations to be miniraalized. The calculations take into 
account only intramolecular forces. The X-ray structures are deduced from the 
crystalline state, where the conformations of molecules depend upon both 
intramolecular and intermolecular forces. Therefore the calculations and X-ray 
analyses lead to somewhat different structures, as follows from the data in 
Table IV. 
The X-ray structures of (5) and (6^ are pictured in Figure 5. The X-ray 
structure of (5) has many features in common with (3). Only the orientation of 
the terminal ring A next to the alicyclic moiety В has altered, as is shown by 
the different values of the torsion angle C(l)-(25)-(23)-(21) and the angle AB 
in (3_) and (.5). The X-ray structure of (6) shows a distortion of the helix 
near ring С in respect to (3), as follows from the values of the torsion angle 
C(25)-(23)-(21)-(19) and angle ВС. The values obtained from Allinger's MM2P 
program show some discrepancies with the X-ray data. The averaged outer helix 
distances are longer. The terminal rings are closer together, as follows from 
the non bonding distances C(l)-C(16) and C(2)-C(15). 
Only conformation A is found in the crystalline state as is concluded 
from the X-ray data. Conformation В could be calculated by the MM2P program. 
Several structural data of the calculated conformations A and В of (5) and (6) 
have been collected in Table V. The conformations A and В differ most for 7,8-
dihydrohexahelicene (6). This is readily seen by comparing the non bonding 
distances C(l)-C(16) and C(2)-C(15) of both conformations. The calculations 
pointed out conformation A as the favoured conformation for both 
dihydrohexahelicenes. The difference in energy with respect to conformation В 
was calculated to amount to 30 kJ/mol for (¿) and 70 kJ/mol for (6). During 
the interconversion of the conformations A and B, a conformation, where the 
alicyclic hydrogens are in eclipsed positions, must be passed. The energy of 
such a conformation has been calculated using the same MM2P program. The 
energy-difference between the eclipsed conformation and the most stable 
conformation A amounted to 45 kJ/mol for (5) and 65 kJ/mol for (6), even lower 
than conformation B. The results of these calculations do not indicate the 
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TABLE IV: STRUCTURAL PARAMETERS OF HEXAHELICENE Q ) , 5,6-DIHYDROHEXAHELICENE 
(5) AND 7,8-DIHYDROHEXAHELICENE (£) OBTAINED FROM X-RAY DATA AND FORCE-FIELD 
CALCULATIONS (distances in nra, angles in degrees) 
70RSI0N ANÇŒS 
Compound (3) (5)a (6)° 
Source: 
C(l)-(25)-(23)-(21) 
C(25)-(23)-(21)-(19) 
C(23)-(21)-(19)-(17) 
C(21)-(19)-(17)-(16) 
X-RAY MM2P 
П.2 15.0 
30.0 24.5 
30.3 24.2 
15.2 15.2 
X-RAY MM2P 
21.7 25.8 
26.7 24.0 
28.3 25.4 
15.9 14.0 
X-RAY MM2P 
6.6 5.9 
41.3 40.8 
19.3 16.9 
13.0 13.0 
a b 
standard deviation X-ray data: 0.7; 0.5. 
MQLÍS ΒετυεεΝ I£AST SQUAR¿ ?LM¿S тшюидн ιπε B¿NZ£N¿ /u/vgs 
Compound (3) (D (i) 
Source: 
AB 
ВС 
CD 
DE 
EF 
AF 
X-RAY 
9.9 
15.3 
14.4 
14.2 
11.4 
58.4 
MM2P 
6.9 
11.9 
14.3 
11.6 
7.4 
40.0 
X-RAY 
20.5 
12.3 
13.8 
11.8 
11.7 
56.5 
MM2P 
22.1 
12.3 
11.6 
11.3 
8.7 
47.4 
X-RAY 
6.7 
25.2 
20.0 
7.1 
7.8 
51.5 
MM2P 
5.0 
25.7 
20.3 
7.6 
6.9 
50.6 
вою ¿í/vgjfis 
Compound (3) dr (6)a 
Source: 
AVERAGED INNER 
HELIX DISTANCES 
AVERAGED OUTER 
HELIX DISTANCES 
X-RAY MM2P X-RAY MM2P X-RAY MM2P 
0.144 0.146 0.145 0.145 0.145 0.145 
0.133 0.138 0.138 0.142 0.138 0.142 
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Table IV continued 
Compound 
BOttù UNÇ7HS 
(3) (5)a (б) а 
Source: 
C(5)-C(6) 
C(7)-C(8) 
C(21)-C(23) 
C(23)-C(25) 
X-RAY Ж2Р 
0.132 0.134 
0.131 0.135 
0.145 0.145 
0.146 0.146 
X-RAY MM2P 
0.146 0.154 
0.134 0.138 
0.143 0.144 
0.149 0.149 
X-RAY MM2P 
0.135 0.138 
0.152 0.154 
0.148 0.150 
0.144 0.144 
standard dev ia t ion X-ray d a t a : 0 .001. 
averaged inner h e l i x d i s t a n c e s : the mean of the bond l e n g t h s : C(l)-C(25) > 
C(25)-C(23), C(23)-C(21), C(21)-C(19), C(19)-C(17), C(17)-C(16). averaged 
outer h e l i x d i s t a n c e s : the mean of the bond l e n g t h s : C(5)-C(6), C(7)-C(8), 
CW-CCIO), C ( l l ) - C ( 1 2 ) . 
NON BONDINÇ DISTAMŒS 
Compound (3) ( 5 ) a ( 6 ) C 
Source: 
C(l)-C(16) 
C(l)-C(17) 
C(l)-C(19) 
C(16)-C(25) 
C(16)-C(23) 
C(2)-C(15) 
C(l)-H(16) 
C(25)-H(16) 
C(23)-H(16) 
C(16)-H(l) 
C(17)-H(l) 
C(19)-H(l) 
X-RAY 
0.321 
0.303 
0.307 
0.309 
0.310 
0.458 
0.321 
0.267 
0.248 
0.323 
0.263 
0.250 
MM2P 
0.297 
0.302 
0.318 
0.303 
0.321 
0.391 
0.302 
0.259 
0.258 
0.302 
0.257 
0.255 
X-RAY 
0.329 
0.309 
0.311 
0.303 
0.308 
0.460 
0.325 
0.257 
0.244 
0.339 
0.273 
0.252 
MM2P 
0.307 
0.300 
0.310 
0.285 
0.308 
0.415 
0.317 
0.246 
0.248 
0.331 
0.274 
0.257 
X-RAY 
0.314 
0.313 
0.317 
0.304 
0.306 
0.433 
0.315 
0.258 
0.243 
0.319 
0.272 
0.259 
MM2P 
0.303 
0.307 
0.317 
0.298 
0.306 
0.420 
0.305 
0.249 
0.241 
0.308 
0.261 
0.254 
standard deviation X-ray data: 
0.003. 
a
 C-C: 0.0007; C-H: 0.005; b C-C: 0.0005; C-H: 
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А) В) 
С) DJ 
Tlgunjí 5.' Х-лау -іілисіил&л o¿. (¿J and (6_). A) (5) pAojectcon on. іеаА^лдиал&л 
plani. iMough C(19), C(21), C(22) and C(23). 3) (6J projection on UOAL-
¿quavLA piane. Uirough. C(19), C(21 ) , C(22) and C(23). C) f¿J ¿расе-£ІШпд 
modeJ.. Ώ) (6_) òpace.-fJJlÀn.g model. 
exsistence of a high energy-barrier, that could inhibit the interconversion of 
the conformations A and B. 
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TABLE V: COMPARISON OF THE CALCULATED CONFORMATIONS A AND В OF 5,6-DIHYDRO-
(5) AND 7,8-DIHYDROHEXAHELICENE (£) (angles in degrees, distances in nra) 
Conformation 
C( l ) - ( 2 5 ) - ( 2 3 ) - ( 2 1 ) 
C(25)- (23)- (21)- (19) 
C ( 2 3 M 2 1 ) - ( 1 9 ) - ( 1 7 ) 
C(21)- (19)- (17)- (16) 
lORSION ANCLES 
(5) A 
25.8 
24.0 
25.4 
14.0 
(5) В 
3.4 
29.6 
26.2 
10.7 
(6) A 
5.9 
40.8 
16.9 
13.0 
(6) В 
14.2 
18.1 
23.3 
17.9 
Алдш ΒενωεεΜ utAsi SÙUARÎ PLANES інюидя ιπε ш і ж RINÇS 
Conformation (5) A (5) В (6) A (6) В 
AB 
ВС 
CD 
DE 
EF 
AF 
Dihedral angle 
22.1 
12.3 
11.6 
11.3 
8.7 
47.4 
2.2 
23.6 
13.1 
12.3 
7.6 
51.7 
DIHtBRAL AMQLES 
Conformat ion A 
5.0 
25.7 
20.3 
7.6 
6.9 
50.6 
Conformat 
10.9 
8.5 
15.3 
12.8 
10.1 
35.8 
ion В 
Н5а-С5-С6-Н6а: 
Н5е-С5-С6-Н6е: 
Н5а-С5-С6-Н6е: 
Н5е-С5-С6-Н6а: 
Н7а-С7-С8-Н8а: 
Н7е-С7-С8-Н8е: 
Н7а-С7-С8-Н8е: 
Н7е-С7-С8-Н8а: 
176 
62 
58 
57 
179 
58 
62 
61 
169 
66 
52 
51 
166 
67 
49 
50 
Table V continued NON BONDINQ DIS7/WC€S 
Conformation: (5) A (5) В (6) A (6) В 
C(l)-C(16) 
C(l)-C(17) 
C(l)-C(19) 
C(16)-C(25) 
C(16)-C(23) 
C(2)-C(15) 
C(l)-H(16) 
C(25)-H(16) 
C(23)-H(16) 
C(16)-H(l) 
C(17)-H(l) 
C(19)-H(l) 
0.307 
0.300 
0.310 
0.285 
0.308 
0.415 
0.317 
0.246 
0.248 
0.331 
0.274 
0.257 
0.292 
0.298 
0.315 
0.303 
0.312 
0.411 
0.295 
0.255 
0.248 
0.282 
0.237 
0.245 
0.303 
0.307 
0.317 
0.298 
0.306 
0.420 
0.305 
0.249 
0.241 
0.308 
0.261 
0.254 
0.277 
0.289 
0.317 
0.297 
0.322 
0.362 
0.285 
0.251 
0.261 
0.280 
0.237 
0.255 
EXPERIMENTAL SECTION 
Селелаі meihodi 
H-NMR spectra were recorded on a Bruker WM-500 spectrometer operating in 
the Fourrier transform mode and interfaced to an Aspect 2000 computer 
equipped with a real-time puiser board. Samples were measured in CDC1, with 
tetraraethylsilane (0 PPM) as an internal standard. UV spectra were measured 
with a Perkin-Elmer 555 spectrometer. Mass spectra were recorded on a VG 7070E 
spectrometer. Melting points were determined by using a Leitz melting point 
microscope and are uncorrected. HPLC analysis was performed on a Spectra-
Physics HPLC system consisting of a solvent delivery system (SP8700) equipped 
with a 254-nm UV detector (SP8300) and a computing integrator (SP4100). 
Stainless-steel columns (length: 20 or 25 cm, I.D.: 0.46 cm) were slurry 
packed using carbon tetrachloride to suspend the silica (LiChrosorb Si60/5; 
Merck, Darmstadt, G.F.R.). 
Details of the HPLC analysis and the isolation of (5) and (6) used a 
stationary phase modified with R(-)-TAPA have been described in chapter 2. 
All irradiations were carried out in a Rayonet RPR-100 photoreactor, 
fitted with 300 nm lamps, through Pyrex. 
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The л-butylamine was refluxed over potassium hydroxide and distilled 
immediately before use. 
StaniJjig таі&ліаІА and pioducJ-A 
The synthesis of 2-styrylbenzo[c]phenanthrene QJ and its conversion into 
hexahelicene (3^ has been described previously 
Chiral R(-)-TAPA was synthesized according to the method of Block and 
Newman ' . The identification of R(-)-TAPA has been descibed 2 2 \ [aU = 
-91.5° (c - 0.64, chloroform); lit. 2 1^: -97° (c = 0.567, dioxane). 
A solution of Ц ) (15 mg) in n-butylamine (50 ml) was irradiated at 
300 nm for 16 hrs through Pyrex. After evaporation of the solvent followed by 
flash-chromatography on silica gel (Merck Kieselgel 60H, eluent: /i-hexane) a 
mixture of hexahelicene (3), 5,6- (5) and 7,8-dihydrohexahelicene (.6) was 
isolated in an 80% yield (12 mg). The exact composition of the mixture was 
determined by HPLC analysis on a stationary phase modified with R(-)-TAPA : 
1.9 mg (3), 1.9 mg (5), and 8.2 mg (6). 10 mg of this mixture was dissolved in 
5 ml of diisopropyl ether-/i-hexane (2:98). This solution was injected on the 
preparative column, consisting of silica gel coated with R(-)-TAPA as 
described previously , by means of a loop (eluent: diisopropyl ether-
л-hexane (2:98); flow: 2 ml/min) The isolated dihydrohexahelicenes were 
further purified by crystallization, 
5,6-Dihydrohexahelicene (5) crystallized from diisopropyl ether as colorless 
needles. Melting point: 205.5-206.5°C. 
Mass spectrum: exact mass: 330.1403 (theoretical: 330.1409) 
m/e: 331 (28.3%), 330 (100%), 329 (17.2%), 328 (15.8%), 327 (11.4%), 326 
(12.0%), 324 (5.6%), 313 (13.4%), 302 (12.1 % ) , 301 (16.8%) 300 (22.6%), 276 
(4.7%), 150 (9.0%) 
UV (Methanol): λ (log^)): 228 nm (4.60), 255 nm (4.31), 287 nm (4.44), 297 
nm (sh, 4.41), 315 nm (sh, 4.05), 334 (sh, 3.83), 348 (sh, 3.68), 368 (sh, 
3.03), 388 (2.75). 
Fluorescence (Methanol): λ : 418 nm, 396 nm. 
7,8-Dihydrohexahelicene (6) crystallized from ethanol as colorless needles. 
Melting point: 185.0-186.0oC. 
Mass spectrum: exact mass: 330.1410 (theoretical: 330.1409) 
m/e: 331 (28.0%), 330 (100%), 329 (16.9%), 328 (10.7%), 327 (10.1%), 326 
(10.4%), 324 (4.2%), 313 (11.5%), 300 (9.8%), 165 (6.7%), 163 (7.7%), 150 
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(11.91), 69 (25.6%), 57 (10.6%). 
UV (Methanol): λ ^ (1ο8(ε)): 219 nm (Д.78), 238 (4.84), 275 (4.23), 292 (sh, 
4.18), 306 (sh, 4.12), 355 (sh, 3.81), 374 (3.62). 
Fluorescence (Methanol): λ : 403 nm, 386 nm. 
max 
X-Jwy лілисіиле. deteAminaLLoriA 
X-ray data were measured on a Nonius CAD4 automated diffractometer. A 
summary of crystal and intensity collection data is presented in Table VI. 
Smooth curves based on the control reflections were used to correct for the 
was 
25) 
drift in the intensities. On all reflections profile analysis ' 
performed; empirical absorption correction was applied using psi-scans 
Lorentz and polarization corrections were applied and the data were reduced to 
|Fo|-values. 
The structure of 5,6-dihydrohexahelicene (5) was solved by DIRDIF , 
27) 
using vector search methods to find the orientation of a fragment 
28} 
calculated with the MM2 molecular modelling program , correlation 
29) 26) 
functions for its positioning and the DIRDIF phase refinement 
procedure for further expansion of the fragment. The structure of 7,8-
dihydrohexahelicene (6} was solved by direct methods using the MULTAN 
30) 
program . The hydrogen atoms were found in difference Fourier-maps. The 
structures were refined by full-matrix least-squares on |F| values, using 
З П 321 
SHELX ', Scattering factors were taken from Internati. Tables . After 
completion of the isotropic refinement additional empirical absorption 
33) 
corrections based on Fo-Fc differences were applied . During the final 
stage of the refinement the positional parameters and the anisotropic thermal 
parameters of the non-hydrogen atoms were refined. The function minimized was 
l 2 
ZwdFoJ-lFcl)3 with w - 1 / (a(Fo) + Q χ Fo ) with a(Fo) from counting statis­
tics and Q = 0.0003 for (5) and 0.0009 for (6). 
Final positional and thermal parameters are given in the Tables VII and 
VIII. Plots were made with PLUTO 3 ^ . 
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TABLE VI: DETAILS OF CRYSTALLOGRAPHIC DATA COLLECTION 
Compound 
mol formula 
system 
space group 
temp,К 
mol wt 
cell dimens3^ 
a,A 
b.l 
CA 
Meg 
Д
3 
ζ 
F(OOO) 
p
calcd'6 / c m 3 
U(Cu Ко),cm 
radiation used 
wavelength,A 
scan technique 
scan range (2e),deg 
max. scan time, s 
number cont. reflcns 
frequency 
variation 
data colled 
2Θ max.deg 
transmission coeff 
range 
no. of reflcns clltd. 
no. of unique reflcns 
no. of observed 
criterion 
5,6-Dihydro-
hexahelicene (5) 
C26 H18 
orthorhombic 
P 21 21 21 
236 
330.43 
7.425 (7) 
13.564 (7) 
17.045 (8) 
1716.68 
4 
696 
1.279 
5.12 
Си Ko (graphite 
raonochromator) 
1.54178 
ω-2θ 
2. 
20 
3 
every 30 minutes 
0.92 - 1.02 
+h,+/-k,+/-l 
50 
0.81 - 1.00 
5655 
1731 
1335 
I > 3σ(Ι) 
7,8-Dihydro-
hexahelicene (6) 
C26 H18 
monoclinic 
P21/n 
273 
330.43 
11.076 (2) 
14.057 (2) 
12.428 (2) 
116.56 (1) 
1730.86 
4 
696 
1.268 
5.08 
Cu Κα (graphite 
raonochromator) 
1.54178 
ω-2θ 
2. 
15 
3 
every 30 minutes 
0.98 - 1.02 
+/-h,+k,+/-l 
50 
0.71 - 0.99 
5369 
2562 
1791 
I > 3σ(Ι) 
Table VI continued 
no. of pararas refined 
transmission coeff 
range (after additional 
empirical abs. corr.) 
307 
0.73 1.23 
R b ) (before 
R b ) (after additional 
empirical abs. corr.) 
Rb) 
R c ) 
w 
max shift/error 
residual electron 
0.139 
0.114 
0.058 
0.068 
0.02 
0.16 
density,e/Ä 
307 
0.62 - 1.40 
0.173 
0.150 
0.059 
0.080 
0.30 
0.15 
a) 
Cell dimensions were determined by a least-squares fit of the setting 
angles of 25 reflections with 2Θ in the range of 26-54 for (5) and 32-48 
for (6). b> R - r||F
o
|-|F
c
||/sig|F
o
|. c> R
w
 = [Zw(|F
o
|-|F
c
|)2/rw|F
o
|2]*. 
TABLE VII: FRACTIONAL POSITIONAL (x 100) AND THERMAL PARAMETERS (Â) (x 100) 
(with esd's) 
5,6-Dihydrohexahelicene (5) 
χ y ζ U 
eq 
7,8-Dihydrohexahelicene (.6) 
χ у ζ U 
eq 
Hl 
H2 
НЗ 
Н4 
Н5 
Н5е 
Н5а 
Кб 
Нбе 
Нба 
Н7 
Н7е 
Н7а 
не 
Н8е 
Н8а 
Н9 
Н Ю 
НИ 
Н12 
Н13 
Н14 
Н15 
Н16 
568( 9) 
580( 9) 
295( 8) 
17(11) 
-137( 8) 
-ββ( 9) 
-153(10) 
-10(12) 
8(10) 
300(11) 
603( 9) 
835( 5) 
952( 5) 
909(11) 
722(11) 
381(12) 
14вГ 8) 
214( 7) 
463(4) 
535(4) 
536(3) 
498(5) 
431(4) 
476(3) 
309(5) 
274(3) 
204(4) 
189(4) 
231(2) 
34в(5) 
507(5) 
676(5) 
798(5) 
853(5) 
730(4) 
568(3) 
-13(3) 
-136(3) 
-224(3) 
-172(3) 
-77(3) 
-15(2) 
43(4) 
-28(3) 
134(3) 
222(3) 
240(3) 
238(4) 
199(4) 
134(3) 
89(3) 
Ь2(4) 
70(3) 
98(2) 
6.6(2) 
7 3(2) 
5 3(1) 
10.1(2) 
6 7(2) 
8 6(2) 
9.9(2) 
12.0(3) 
9 4(2) 
10.2(2) 
8.5(2) 
11.9(3) 
11 1(2) 
Ю 1(2) 
10.5(2) 
11.5(2) 
5 5(1) 
3 4(1) 
635(3) 
436(4) 
397(5) 
585(4) 
828(4) 
1044(4) 
1162(5) 
1165(4) 
1180(4) 
1023(4) 
1072(5) 
948(5) 
820(4) 
680(4) 
621(4) 
609(3) 
738(3) 
859(3) 
695(2) 
729(2) 
847(3) 
937(3) 
977(3) 
963(3) 
897(4) 
774(3) 
804(3) 
878(3) 
687(3) 
528(3) 
421(3) 
359(3) 
362(3) 
443(2) 
585(2) 
656(2) 
822(3) 
807(3) 
934(4) 
1078(4) 
1148(4) 
1170(4) 
1063(4) 
1108(4) 
898(3) 
854(4) 
742(4) 
698(5) 
711(4) 
812(4) 
962(4) 
1144(3) 
1215(3) 
1113(3) 
9.(1) 
9.(1) 
14.(2) 
12.(1) 
14.(2) 
11.(1) 
15.(2) 
13.(1) 
10.(1) 
12.(1) 
14.(2) 
15.(2) 
10.(1) 
13.(1) 
13.(1) 
9.(1) 
10.(1) 
6.(2) 
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TABLE VII: FRACTIONAL POSITIONAL (x 1000) AND THERMAL PARAMETERS (X) (x 100) 
(with e s d ' a ) 
5,6-Dihydrohexahelicene (5) 7,8-Dihydrohexahelicene (6) 
CI 
C2 
СЭ 
C4 
C5 
C6 
C7 
ce 
C9 
CIO 
С П 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
4435( 7) 
4557( 8) 
3035( 9) 
1369( 8) 
-566( 8) 
-352C 9) 
1202(10) 
2675(11) 
5743(11) 
7103(11) 
8292( 8) 
8051( 9) 
5974( 9) 
4290(10) 
2840( 9) 
3128( 8) 
4868( 7) 
6318( 8) 
5231( 7) 
6869( 8) 
3943( 7) 
4124( 9) 
2588( 6) 
1140( 8) 
2738( 7) 
1233( 7) 
4727(4) 
5111(4) 
5225(4) 
4944(4) 
4237(5) 
3299(5) 
2583(4) 
2477(4) 
3007(5) 
3644(5) 
5285(6) 
6201(6) 
7476(5) 
7795(4) 
7137(4) 
6156(3) 
5800(3) 
6482(5) 
4771(3) 
4566(4) 
3987(3) 
3156(3) 
3951(3) 
3294(4) 
4454(3) 
4566(3) 
-459(2) 
-1204(3) 
-1665(3) 
-1381(3) 
-282(4) 
130(4) 
1328(3) 
1777(3) 
2157(3) 
2113(3) 
1738(3) 
1401(4) 
939(3) 
778(3) 
823(3) 
992(3) 
1129(2) 
1139(3) 
1334(2) 
1722(3) 
1227(2) 
1733(3) 
628(2) 
717(3) 
-145(2) 
-624(3) 
eq 
4.7(1) 
5.5(2) 
6 5(2) 
6.1(2) 
7.4(2) 
7.3(2) 
7.1(2) 
7.3(2) 
7.5(2) 
7.4(2) 
7.2(2) 
7.6(2) 
6.6(2) 
6.2(2) 
5.9(2) 
5.0(1) 
4.5(1) 
5.9(2) 
4.7(1) 
6.3(2) 
4.9(1) 
6.0(2) 
4.6(1) 
5.9(2) 
4.4(1) 
5.1(1) 
6274(3) 
5029(4) 
4865(5) 
5950(5) 
8349(5) 
9571(5) 
11113(4) 
10815(4) 
10190(4) 
9514(4) 
8107(5) 
7399(5) 
6639(4) 
6642(4) 
7385(4) 
8035(3) 
7972(3) 
7318(3) 
8599(3) 
8757(3) 
9120(3) 
10013(3) 
8775(3) 
9798(3) 
7426(3) 
7223(4) 
7433(2) 
7631(3) 
8338(3) 
8845(3) 
9255(2) 
9134(2) 
8317(3) 
8109(3) 
6590(3) 
5750(3) 
4514(3) 
4181(2) 
4287(3) 
4715(3) 
5547(3) 
5961(2) 
5570(2) 
4682(2) 
6008(2) 
5434(2) 
6958(2) 
7195(2) 
7742(2) 
8388(2) 
7923(2) 
8668(2) 
eq 
8785(3) 6.1(1) 
8681(4) 7.8(2) 
9424(5) 9.7(2) 
10189(4) 9.0(2) 
11040(3) 8.8(2) 
11074(3) 8.9(2) 
10380(4) 9.4(2) 
9088(5) 9.6(2) 
7888(4) 9.2(2). 
7569(4) 9.1(2) 
7835(4) 9.4(2) 
8363(4) 9.1(2) 
9951(4) 9.6(2) 
10936(5)10.1(2) 
11362(4) 8.5(2) 
10768(3) 6.5(1) 
9693(3) 6.0(1) 
9322(3) 7.4(1) 
9009(2) 5.7(1) 
8133(3) 7.3(1) 
9174(2) 5.8(1) 
8698(3) 7.5(1) 
9780(2) 5.7(1) 
10430(3) 7.2(1) 
9622(2) 5.7(1) 
10296(3) 7.2(2) 
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(SAITER A 
nßCMMISnC OCT AILS ОТ 7H£ ¡KMMNQEMJn ОТ 7/£ РМПЩ тЯОСЦСІігАПОМ 
PRODUCT ОТ 2-S7yRyiBEMZ0lC[PH£Mmm£J£ IH 7Ηε PR£S£MC£ ОТ A BASI* 
INTRODUCTION 
In chapter 3 the structure elucidations of 5,6-dihydrohexahelicene ^5) 
and 7,8-dihydrohexahelicene (¿) have been described extensively. These com-
pounds are side-products of the photochemical conversion of 2-styrylbenzo[c]-
phenanthrene (1^ into enantiomerically enriched hexahelicene ^3) in choles-
teric liquid crystals, as is described in chapter 5 (Scheme 1). The dihydro-
helicenes (J5) and (b) are obtained in high yield by irradiation of (1_) under 
anaerobic conditions in the presence of a base. This chapter deals with the 
photocyclization of (1) in amines and in basic alcoholic solution. The 
mechanism of the formation (5) and (J5) under these conditions is discussed. 
W.J.C. Prinsen aid W.H. laarhoven, J . Org. Chan., aihrritted for publication. 
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RESULTS 
Скрелітеліл in amJjte-A 
The irradiation procedure described in chapter 3 for n-butylamine was 
repeated for the amines collected in Table I. Solutions of Q.) in each of the 
amines concerned (c « 300 mg/1) were irradiated through pyrex at 300 nm for 16 
hrs. After evaporation of the solvent followed by flash-chromatography on 
silica gel (Merck Kieselgel 60H, eluent: /г-hexane) mixtures of hexahelicene 
(3), 5,6- (5) and 7,8-dihydrohexahelicene (6) were obtained in 70-80% yields. 
The exact compositions of these mixtures were determined by HPI£ on R(-)-TAPA-
coated silica gel, as described in chapter 2. The results have been collected 
in Table I. Relatively small amounts of hexahelicene (3) were formed, even 
when oxygen was not removed from the solution before or during irradiation, 
indicating that the rearrangement of (¿) in amine is faster than 
dehydrogenation by oxygen. The exact ratio (6)/(5^ depends on the kind of 
amine, but clearly compound (6) is the preferential rearrangement product in 
every amine. 
TABLE I: COMPOSITION OF THE MIXTURES OF HEXAHELICENE (3), 5,6-DIHYDR0HEXA-
HELICENE (5) AND 7,8-DIHYDROHEXAHELICENE (6) OBTAINED BY IRRADIATION OF 2-
STYRYLBENZO[C]PHENANTHRENE Q.) AT 300 NM IN AMINE 
AMNL 
«-Propylamine 
Áío-Propylamine 
" (argon) 
/i-Butylamine 
" (argon) 
•íe/ií-Buty lamine 
Triethylamine 
1-Phenylethylamine 
2-Amino-l-butanol 
(1) (%) 
15 
18 
2 
16 
5 
24 
15 
19 
15 
(1) (%) 
7 
11 
14 
16 
18 
13 
5 
10 
4 
(L) (%) 
78 
71 
84 
68 
77 
63 
80 
71 
81 
RATIO (6_)/(5_) 
11 
6.5 
6 
4.3 
4.3 
4.8 
16 
7 
20 
Product compositions were determined by HPLC analysis of the reaction mixtures 
after flash-chromatography (silica gel, /i-hexane). Conditions and stationary 
phase as in Figure 3 of chapter 2. 
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The ratio (6)/(5) is little affected by the presence of oxygen as is 
demonstrated by the results of the photocyclization in л-butylamine and ¿00-
propylamine, where oxygen has been removed by flushing with argon. 
Pure samples of the dihydrohexahelicenes (5) and (6) were irradiated in 
л-propylamine in the presence of oxygen for 24 hrs at 300 nm to assess their 
stability under these conditions. Neither conversion of (5) into (6) nor any 
conversion of (6) into (5) could be detected. Both dihydrohelicenes were very 
resistant to oxidation. After irradiation for 24 hrs in л-ргоруіатіпе in the 
presence of oxygen only 1.5 % of (6) and 2 % of (5) proved to be converted 
into hexahelicene (3). 
The rearrangement of the primary photocyclization product (2) does not 
necessarily need pure amine. The rearrangement also proceeds efficiently when 
the amine has been diluted with n-hexane or diisopropyl ether, provided the 
TABLE II: RATIOS OF 7,8-DIHYDROHEXAHELICENE (6) AND 5,6-DIHYDROHEXAHELICENE 
(5) ((6)/(5)) FORMED IN AMINES DILUTED WITH HEXANE OR DIISOPROPYL ETHER 
So£veni (v/v) УІШ (¿J (6.)/(5J 
-¿ао-РгоруІатіпе/л-Нехапе 
/i-Octylamine/rt-Hexane 
l-Phenylethylamine/zi-Hexane 
Triethylaraine/л-Нехапе 
2-Amino-l-butanol/Diisopropyl ether 
2-Aiiiino-l-butanol/Diisopropyl ether 
Ephedrine (10 g/l)/Diisopropyl ether 
l-Phenylethylamine/Diisopropyl ether 
The yields of (6) have been determined in the reaction mixture after flash-
chromatography. The total yields of (3), (5) and (в) recovered from the 
irradiation mixture after flash-chromatography (silica gel, n-hexane), were 
60-70% (relative to the precursor (1)) for amines diluted with n-hexane, and 
70-80% for amines diluted with diisopropyl ether. The yields of (6) and the 
ratios (6)/(5) were determined by HPLC analysis. Conditions and stationary 
phase аз in Figure 3 of chapter 2. All solvents were purged with argon for 
60 min. before irradiation to exclude oxygen from the photoreaction. 
(1:25) 
(1:25) 
(1:25) 
(1:25) 
(1:4) 
(1:10) 
(1:10) 
85 % 
91 % 
83 % 
87 % 
90 % 
89 % 
86 % 
86 % 
9 
23 
7 
12 
20 
18 
8 
9 
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oxygen has been removed by flushing with argon to prevent excessive formation 
of hexahelicene. In Table II the results of the photocyclization of (1) in 
several amines diluted with n-hexane or diisopropyl ether have been collected. 
The application of a solvent to dilute the amine is necessary when using a 
solid amine like ephedrine. Moreover it allows the use of expensive amines. 
Diisopropyl ether is better than n-hexane for dilution of amines. Due to its 
polarity it dissolves amines like aminobutanol and ephedrine better than n-
hexane, and polarity is in favour of the rearrangement which involves polar 
intermediates. 
Ролтаііоп. of. dJÁydioh&x.aheJJ.cen&i in. ÍJOAÍC atcohoLLc лоіиіЛоп 
Irradiation for 50 h at 300 nm of a 0.002 molar, deaerated solution of 2-
styrylbenzo[c]phenanthrene (1) in methanol, being 0.3 molar in KOtBu, yielded 
a) 
(6) (3) (5) 
Tigwie. 7, a) ChtomaLogiam of. a mixiwie. of hejcaheJLLc&ie. (3_), 5,6-сШщалокеха-
hejtícene. (bj and 7,8-dMmdn.oh£x.aheX¿c/me. (6_). ÍJ Chmomaiognam of a iampte. 
oiiained ftom. лллааЛаЫоп. f50 foi¿., 300 nm) of 2-ліулуМ£п2.<$.с\рIvenanihnjenje. 
(U (0,002 тоілл/tiíeJí) in deaenated meihanoí, Leung 0.3 molati in KÛiBu. 
StaJU-onnny phoAe.: Ц&ілолркел 5RP18, 25 χ 0,4 cm I.D./ notile, р/шле.: іааі&л-
meihanoí (1:9), flou-zvaie. 1 mt/min, и = 0.27 cm/л. 
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a complex mixture of compounds. Apart from the expected compounds hexahelicene 
Q ) , 5,6-dihydrohexahelicene (5), and 7,8-dihydrohexahelicene (6), several 
unidentified compounds were formed (Figure 1). Contrary to the irradiation of 
(I) in amines, 5,6-dihydrohexahelicene (5) was the main product in basic 
alcoholic solution. It was estimated that about 70 % of the precursor (1) was 
converted into: 9 % hexahelicene (3) , 66 % (5) and 25 % (6). Removal of 
oxygen during or before the irradiation was necessary, otherwise no trace of 
the dihydrohelicenes (5) and (j6) could be detected and only hexahelicene (3} 
was isolated from the irradiation mixture. 
I/iAocLiaLLorM ¿n. áeui&nat&d med-ia 
The results reported above show that in amines 7,8-dihydrohexahelicene 
(6) is the preferential product, while in basic alcoholic solution 5,6-
dihydrohexahelicene (5J is the main product. To study the mechanistic details 
causing this difference in behaviour, 2-styrylbenzo[c]phenanthrene was 
irradiated with 300 ran UV-light in N-deuterated я-butylamine (/i-BuND«), and in 
O-deuterated methanol being 0.3 molar in KOtBu (KOtBu/MeOD). The results are 
presented in Table III. An increase in the formation of 5,6— 
dihydrohexahelicene was observed in the deuterated alcohol as well as in the 
deuterated amine. 
The mixtures of deuterated compounds were separated on silica gel coated 
with R(-)-TAPA by the procedure described in described in chapter 2. The 
purified samples of deuterated 5,6- ^ 5), and 7,8-dihydrohexahelicene (£) were 
analysed by NMR spectroscopy and mass spectrometry. The data of D-incorpora-
tion calculated from the mass spectra have been collected in Table IV. 
TABLE III: COMPOSITION OF THE FRACTION CONSISTING OF HEXAHELICENE (3), 5,6-
(5) AND 7,8-DIHYDROHEXAHELICENE (6) OBTAINED IN DEUTERATED SOLVENTS 
SoÍDent 
n-BuNH2 
rt-BuND2 
KOtBu/MeOH 
KOtBu/MeOD 
ω 
(%) 
5 
3 
9 
22 
(Σ) (%) 
18 
47 
66 
70 
(6.) (%) 
77 
50 
25 
8 
Ratio (6_)/(Σ) 
4.3 
1.06 
0.38 
0.11 
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TABLE IV: INCORPORATION OF DEUTERIUM IN 5,6-DIHYDROHEXAHELICENE (5) AND 7,8-
DIHYDROHEXAHELICENE (6) OBTAINED BY IRRADIATION OF (1) IN DEUTERATED SOLVENTS 
(the data of D-incorporation were calculated from the mass spectra). 
Soivent Compound RaLLo D/fi Num&zn. of. D InconjiOinted (%): 
0 7 2 3 
KOtBu/MeOD 
ft it 
/i-BuND2 
II II 
(5) 
(i) 
(1) 
(i) 
0.82 
0.81 
0.60 
0.55 
1 
1 
1 
7 
31 
34 
52 
48 
55 
50 
43 
41 
13 
15 
4 
4 
in alicyclic part 
The NMR spectra of (¿) and (6) have been described in chapter 3. The NMR 
spectra in CDC1- at 500 MHz of the alicyclic regions of the product mixtures 
obtained by irradiation of (_1) in /i-BuNH. and re-BuND. are presented in 
Figure 2. 
The alicyclic regions of the NMR spectra of the purified samples of 
deuterated 5,6- and 7,8-dihydrohexahelicene obtained from the irradiation of 
(V) in deuterated solvents have been depicted in the Figures 3 and 4. From 
TABLE V: INCORPORATION OF DEUTERIUM IN 5,6-DIHYI)R0HEXAHELICENE (5) AND 7,8-
DIHYDROHEXAHELICENE (6) OBTAINED FROM THE PH0T0CYCLIZATI0N OF (1) IN DEUTERA-
TED SOLVENTS (calculated from the NMR spectra). 
Medium Compound RaLLo Ώ/Ητ 
Роліііоп. 
KOtBu/MeOD 
*-BuND2 
n-BuND2 
(5) 
CD 
(6) 
0.82 
0.60 
0.57 
H5a 
75 % 
80 % 
H7a 
25 % 
Нбе Н5е 
30 % 15 % 
30 % 20 % 
Н8е and Н7е 
30 % 
Нба 
60 % 
20 % 
Н8а 
60 % 
a h 
in alicyclic part; H5a and H6a are the "axial" protons of (5), H5e and H6e 
are the "equatorial" protons of (5), H7a and H8a are the "axial" protons of 
(6), H7e and H8e are the "equatorial" protons of (6) (chapter 3, Table II). 
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"Τ­
ω 
Τ "Γ 
Χ2 
Tígiiiz 2: Иге. oLLcycíic /ie.gj.on. of ihe. NñR лре.сіла in CDCJ.^ at 500 IViz of rnix-
іиіел o&inJjied fnjom the. photocyctization of (1_). a) In n-BuMH^, ij in n-BuNS-). 
these NMR spectra the positions and amounts of D-incorporation in (_5) and (b) 
were determined. The results have been collected in Table V. The amount of 
pure 7,8-dihydrohexaheHcene (6) obtained from the photocyclizatlon in 
KOtBu/MeOD was insufficient to be analysed by NMR spectroscopy. 
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A) 
В) 
— ι — 
2 . 9 
— ι 
2.8 PPM 
— τ — 
3.2 3.1 30 
Τ ¿gime. 3: The aíLcycíic педіопл o£ a punl^Jjed ¿ampie o¿ deutewiLed 7,8-ώί-
hydAohejcaheilcene (6J and a. non-deuieAoied ¿ampie. Α) (6_) olUjabied in. n-BuND-f 
B) non-deutenxiied (6_). 
T-Lgtiie i: The аИсусИс ледіопл of. pwu.¿¿ed латріел of. deiitpAated 5r6-i£ífujdio-
hexaheticene (5_) and a non-deuienabed òampie. A) (5_) o&tajjied ¿n n-BuND./ 
Β) (Σ) oWuiied in KDtBuSrieDuf / C) non-deuieAaied i±J. 
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— ι 1 1 1 1 
3.2 3.1 3.0 2.9 2.6 PPM 
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L 
a) 
Ь) 
Τ ¿доле. 5. СЛл.отаіодлатл of. fowl латрЬгл of (6), a) AacejiUcl &) obtained in. 
R(- )-2-Aiain.o-1'-iuijan.o¿/S(+)-íihiil 0-&jenzLoyUactatz (1/10)t c) In (- )-¿pheiuUne. 
(10 g/i.)/(-)-BoAnyt acetatpf d) (6) en/Uched in ihe. Р-епап£іотелі елапИотелл-с 
ехселл: 72%, Stationwiy рНале.: I'5 mg of R(-)-7APA on 1 gn. of ЦСНлолояЛ 
S¿60/5, (20 +25 cm) * 0,46 an I.D. ñoLUe. рНале. dUihyl еіАел-light реілоіеит 
(l.p. 60-80'С) (5:95)1 и = 0.12 cm/4. 
Opijrntly en/U-ched 7, S-dihydaotiexa/veJJjiene. in. сКілаІ ажіллл 
We studied the possibility of the asymmetric synthesis of (6) by using 
chiral amines as the solvents. A deaerated solution of 5 mg of the precursor 
Q) in 10 ml of solvent consisting of the chiral amine, either pure or diluted 
with dilsopropyl ether was irradiated with 300 nm light in a pyrex vessel for 
24 hrs. The resulting mixture was purified by flash-chromatography on silica 
gel using /i-hexane as the eluent. Further purification by chromatography on a 
reversed phase column (Lobar RP8, water-methanol (1:9)) yielded samples of ((>) 
contaminated with some (3) and (J5). The enantiomeric excess (E,E.) of (6) was 
then determined by HPLC analysis as decribed in chapter 2. The chromatograms 
of two samples of the resolved dihydrohexahelicene (£), of a resolved, 
racemic sample of (6^ and of a sample highly enriched with the P-enantiomer of 
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TABLE VI: ASYMMETRIC SYNTHESIS OF 7,8-DIHYDROHEXAHELICENE (6) IN CHIRAL AMINES 
Soiveni 
S(-)-l-Phenylethylamine 
" " /Diisopropyl Ether 
R(-)-2-Amino-l-Butanol 
" " /Diisopropyl Ether 
" " /Diisopropyl Ether 
" " /S(+)-Ethyl O-benzoyllactate 
(-)-Ephedrine (10 g/1)/Diisopropyl Ether 
" " /(-)-Bornyl acetate 
(υ/υ) 
(1:10) 
(1:10) 
(1:20) 
(1:10) 
€.£,
№ІС 
СКОіпЛіу (%) 
M 0.5 
M 2.2 
P 0.6 
Ρ 1.6 
Ρ 2.6 
Ρ 7.8 
Ρ 2.7 
Ρ 6.8 
E.E.jjpjç, - Enantiomeric Excess determined by HPLC; E . E · ™ ^ ± 0.5%. Chirality: 
the chiral configuration of the enantiomer of (fj) formed in excess, either Ρ 
or M (chapter 2). Conditions and stationary phase as in Figure 5. 
(6), are presented in Figure 5. The results collected in Table VI indicate an 
increase of the chiral discrimination by the chiral amine upon dilution with 
diisopropyl ether. The combination of a chiral amine with a chiral solvent 
shows very promising results. 
DISCUSSION 
The rearrangement of (Tj into (b) and (6) resembles closely that of 
Aa,4b-dihydrophenanthrene into 1,4- and 9,10-dihydro-phenanthrene . In the 
present case, however, the conformational aspects are more pronounced and have 
to be taken into consideration. Therefore, before discussing the mechanistic 
details of the rearrangement of (2) into (_5) or {§), it is appropriate to 
establish the conformations of the intermediates and products of the reaction. 
In principle the two stable dihydrohexahelicenes (5) and (6) can exist in two 
conformations A and В (chapter 3, Figure 4). In both compounds conformation 
A is strongly favoured as was described in chapter 3. The occurrence of 
conformation В could even not be detected. The X-ray analyses of (5) and (6) 
demonstrated again, that in the solid phase only conformation A occurs. The 
65 
correct conformations of (5) and (6) are presented in Figure 6. 
For the analysis of the mechanism of the rearrangement of the primary 
photocyclization product, ¿to/w-lód.löe-dihydrohexahelicene (2), knowledge of 
the configuration of this compound is necessary too. The two hydrogens H16d 
and H16e of (2) occupy trans positions, as is to be expected for a conrotatory 
ring closure of a hexatriene system, and firmly established for the 
configuration of ¿/uz/w-^a.Ab-dihydrophenanthrene, the primary photocyclization 
2 3) 
product of stilbene ' . This reduces the number of possible configurations 
for (2) to two, when mirror images are counted simply. The possible 
configurations are not interconvertible, unless a bond of the belicene 
skeleton is broken. In one configuration H16d is positioned at the inside of 
the inner helix, C(l)-C(25)-C(23)-C(21)-C(19)-C(17)-C(16) (see Figure 7 for 
the numbering of the hexahelicene skeleton), and H16e is situated outside of 
the inner helix. In the other one H16e is situated inside of the inner helix, 
while H16d is at the outside. 
It is not well possible to isolate the highly unstable 
dihydrohexahelicene (2^, so that no direct information about its real 
configuration ie at hands. The ¿^2a4-6a,16d-dihydrohexahelicene (^), which 
originates from (2) via a [l,5]-suprafacial hydrogen shift, can be isolated, 
however. The configuration of (4) has been deduced from its NMR spectrum . 
A) B) 
Ttgune. 6: The. соллесі. con-f.o'uiiaíJ.onA of. 5t6-dJJ\ijdAX>hjex.ahjíti.cen£. (5_) and 7/8-
dJJmdn.oh.eJcaheJJ.c£ne. (b_). A) ConfonmaLLon. A o/. ($_)/ 3) Confo/mation. A of. (6_). 
66 
TigiLW. Ti The гштЛелілд and indexing of. the hexaheJJ.cene ok.eiet.on, 
A) B) 
C) D) 
Тідиле 8. The configuAat¿on¿ of ілапл-16d$16 e-dihydiiohexahe£ic£ne (¿,) and 
Uiuu,-6a,nd-dJJmdAahexahj¡LU.ceiie (£.). A) (¿_)f 3) (¿) opponile Aide; C) (£); Ώ) 
(£) oppOAite Aide. 
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The chemical shift of proton H16d is found at lower field (δ 5.2 ppm) than 
calculated by the Shoolery rules (4.1 ppm). Proton H6a absorbs at 6 3.2 ppm 
in accordance with the calculated value (3.1 ppm). The high value of the 
chemical shift of proton H16d must be due to the result of deshielding by the 
ring current of the opposite ring, implying that H16d is located at the inside 
of the inner helix. This conclusion is corroborated by a strong N.O.E. 
4) 
enlargement of the signal of proton H16 when H16d is irradiated . 
Because (4^ is formed from (2) via a [l,5]-suprafacial shift of hydrogen H16e, 
H16d in (2), which does not change position, must be located at the inside of 
the inner helix of (2) as in (J¡)· The correct configurations of ^2) and (4) 
are represented by Figure 8. 
The rearrangement of (2) into (5) or (6) starts with the abstraction of 
a proton and a subsequent or simultaneous protonation. As is shown in Scheme 2 
abstraction of proton H16d from (2) should yield the intermediate (10) which 
cannot be converted into (6), but only into (5). Abstraction of H16e, on the 
other hand, yields the intermediate (9), which can lead to both (5) and (6). 
The configuration of .¿/ia/i4-16d,16e-dihydrohexahelieene (2) implies, that H16d, 
located at the inside of the inner helix, is more difficultly reached by a 
base than H16e. Moreover abstraction of H16e is promoted by the formation of a 
benzene moiety, leading to a higher increase of resonance energy than the 
conversion of a phenanthrene moiety into a benzo[c]phenanthrene moiety upon 
abstraction of H16d. For these reasons we assume, that H16e is abstracted 
first, in accordance with the high yield of (6) observed in amines. Moreover, 
when the rearrangement of (2) would proceed via (10), the experiments in 
deuterated solvents should have shown D-incorporation in the terminal ring of 
(5), what was not observed. 
When H16e has been abstracted from (2), most of the developing negative 
charge is found at the positions C5, C24 and C8 of (9). Protonation at C24 
would yield compound (4), which is known to be formed under non-oxidative 
conditions, without the interaction of a base, by a suprafacial [1,5] hydrogen 
shift . Protonation at position C5 of (9) yields (8), the precursor of (5). 
Protonation at position C8 of (9) results in (7), the precursor of (6). No 
trace of the less stable compound (4) is found in the irradiation mixture 
after workup. Probably (4) is converted quickly into either compound (7) or 
compound (в), due to the presence of a base. By a second deprotonation and 
reprotonation (T) and (8) are converted into their stable isomers (6) and (_5), 
respectively. We propose, that the steps depicted in Scheme 2 are not 
reversible in view of the loss of resonance energy and that interconversion of 
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• H H X 
Scheme. 2 
the isomers (7) and (8^ will be negligible, because the methine hydrogen of 
these compounds is much more acidic than their methylene hydrogens. Bearing in 
mind, that interconversion of (¿) and {§) has not been observed in amine, and 
that the ratio (6)/(_5) is not affected by the presence of oxygen in amine, it 
can be stated, that the protonation at C5 or C8 of the intermediate (9) 
determines the ratio of the final products (5) and (6>). 
The results obtained from the experiments in deuterated amine and 
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deuterated methanol demonstrate, that the "axial" position is clearly 
preferred over the "equatorial" position at both C5 of (5) and C8 of (6) with 
respect to D-incorporation (see Table V). The "axial" position at C5 of (5) is 
located at the opposite side of the molecule in comparison with H16e of (2). 
The "axial" position at C8 of (6) is located at the same side of the molecule 
as H16e of (2) (see Figure 6). From these observations we conclude, that 
protonation at the same side of the molecule as occupied by H16e yields 
preferentially (J), which eventually is converted into (6). On the other hand, 
protonation at the opposite side of the molecule favours (8), which results 
eventually in (5). 
In relatively weak bases like amines the abstraction of proton H16e is 
facilitated by more or less simultaneous protonation of the developing anion 
(£). The protonation is not provided for by the surrounding amine molecules 
but rather by the more acidic alkyl ammonium cation, formed at the same side 
of the inner helix as H16e. Immediate protonation at this side of the 
molecule, which is in favour of the formation of (6), is fast. Protonation at 
the other side of the molecule, which yields (5) preferentially, requires 
either protonation by a weaker acidic amine molecule, or migration of the 
cation to that side of the molecule, either by diffusion or by proton 
transfers between amine molecules. Compared with the immediate protonation by 
the abstracting amine molecule itself protonation at the opposite side of the 
molecule is slow. Therefore, in amine the formation of (6) is favoured over 
that of (5). The conversion of (2) into (T) and (8) has been depicted in 
Scheme 3 in a way, that both sides of the molecules are visible. It shows, 
that the "axial" proton of (8), H5a, is located at the opposite side of the 
molecule as HIбе in (¿). The "axial" proton of (J), H8a, on the other hand, is 
located at the same side as H16e in (2). 
In deuterated amines substantially more (5) is formed than in unlabeled 
amines. A significant amount of D-incorporation is found at the opposite side 
of the position of H16e. From these facts we conclude, that the immediate 
protonation by the abstracting molecule is slower in deuterated amine than in 
not-deuterated amines. This is understandable because protonation now involves 
breaking of an N-D bond. The delayed protonation allows for more migration of 
the ammonium cation or transfer of a proton between the ammonium cation and an 
amine molecule, which results in more protonation at the opposite side of the 
molecule and a higher yield of (5). 
We noticed, that in amines the amount of D-incorporation at C5 of (5) and 
C8 of (6) (0.9-1.0 D) in amines differs significantly from the amount of D-
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incorporation at Сб of (5) and C7 of (6) (0.5 D) (see Table V). This indicates 
the possibility of a [1»3]-H shift besides proton-transfer by amine for the 
conversions of (8) into (5) and (J) into (6). 
The values of the ratio (6)/(5) found in different amines (Table I) 
indicate, that a delicate interaction between the basicity of the amine and 
steric factors is involved in the first deprotonation/reprotonation step of 
the rearrangement. This is emphasized by the values for the ratio (6)/^5) 
obtained in /i-propylamine, .¿éo-propylamine, /i-butylamine, jU/ui-butylamine and 
triethylamine (Table I). The values of the dissociation constants of these 
amines in aqueous solution lie in a small range (pKa - 10.7-10.8 at 20oC) . 
Yet the ratio (6)/(5) varies from 4.3 to 16. 
In basic alcoholic solutions we are dealing with different conditions for 
the rearrangement of (2). The abstraction of the proton H16e is now performed 
by a stronger base and the proton needed for the reprotonatlon is furnished by 
methanol molecules. Abstraction of proton H16e by the stronger base is faster. 
The reprotonatlon step is slower, because methanol is less acidic than an 
ammonium cation. The lifetime of the intermediate anion (9) is longer in 
methanol than in amines. The site of reprotonatlon of the intermediate (9) is 
only determined by the electron densities at the various positions in the 
anion (9) ; the solvent molecules are all equally capable of furnishing the 
desired proton. From the results obtained in basic alcoholic solution we 
conclude, that reprotonatlon at C5 is favoured over reprotonatlon at C8, 
indicating that C5 has the higher electron density. 
The experiments in O-deuterated methanol demonstrate, that most of the D-
incorporatlon Is found at the "axial" positions of C5 and Сб of (5). Contrary 
to the results obtained in deuterated amines both deprotonation/reprotonation 
steps involved in the rearrangement of (2) are solvent-mediated as is 
evidenced by the high amount of D-incorporation in both (5) and (6) (1.8 D). 
The observation, that the ratio (¿)/(5) obtained from in deuterated methanol 
is changed in favour of (5) in comparison with common methanol, is explained 
by realizing, that the rate-determining step involves the breaking of an 0-D 
bond. The influence of the isotope effect is more pronounced, when the 0-D 
bond is more broken In the transition state. This is the case at the position 
with lower electron density, i.e. position C8. Therefore the reprotonatlon at 
C8 is more sensitive to the primary isotope effect than reprotonatlon at C5, 
resulting in a lower (6)/(5) ratio in deuterated methanol. 
The formation of the dihydrohexahelicenes (5) and (6) has been realized 
via an alternative reaction pathway, which involves the intermediacy of 
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radicals . The rearrangement occurred, when (2) was generated by the 
photocyclization of (J_) in benzene in the presence of a very small amount of 
iodine under non-oxidative conditions. The iodine abstracts a hydrogen atom 
from (2)t preferentially H16e for the same reasons as given above for the 
rearrangement in amines. This results in an intermediate radical, which is 
normally converted fast into hexahelicene (3) by abstraction of a second 
hydrogen. The low concentration of iodine gives the intermediate belicene 
radical the opportunity to capture a hydrogen from a solvent molecule, which 
yields (8) or (7^), the precursors of (5) or (6), In benzene only (¿) has been 
found. However, both (5) and (6) were isolated on the photocyclization of (1) 
in various cholesteric phases and chiral solvents (see chapter 5). 
The results from the experiments in chiral amines show, that these 
amines induce the asymmetric synthesis of (6) by two mechanisms. First the 
chiral amines act as a chiral solvent, which has been shown to induce 
enantiomeric excess of hexahelicene (3) in the case of the photochemical 
conversion of Q.) into (3) '. The solvent acts as a chiral matrix in which 
the formation of one of the enantiomers of (2) is favoured over the other. The 
enantiomerically enriched intermediate (2J is then converted fast into 
hexahelicene (3), which results in enantiomerically enriched (¿). The values 
of the enantiomeric excess of (6) obtained in pure chiral amines are again the 
result of a solvent acting as a chiral matrix effecting the formation of 
enantiomerically enriched (2^, which is readily converted into (£) due to the 
high amine concentration. The conversion of an enantioraer of (2^ ) into the 
related enantioraer of (£) is sufficiently fast to leave no opportunity for 
competing reactions. Therefore, it is impossible for the chiral amine to 
discriminate between the enantiomers of (2^). 
Upon dilution of the amine by an other solvent, the rate of the 
conversion of (£) into (6^ is reduced, which makes the second mechanism for 
the asymmetric synthesis of (£) effective. The relative slow conversion of (¿) 
into (£) gives the opportunity for competitive reactions, like ring opening to 
(1J or oxidation to Q ) . In diluted chiral amines only a part of (¿) is 
converted into (6). As the chiral amine discriminates between the enantiomers 
of (2} one of the enantiomers is converted faster into (6), whereas the rates 
of competitive reactions of (2) are identical for the enantiomers of (2J. The 
effect of this chiral discrimination will be more pronounced if the chiral 
amine is more diluted. 
When the chiral amine is diluted with a chiral solvent, the result is 
effected by a combination of a chiral matrix of the solvent and chiral 
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discrimination by the chiral amine. The chiral solvent induces the formation 
of enantiomerically enriched (2). The chiral solvent possibly enhances the 
chiral discrimination by the diluted amine, too. The relatively high values 
for the enantiomeric excess of (6) obtained in chiral amines diluted with 
chiral solvents indicate, that the effects are co-operating. 
EXPERIMENTAL SECTION 
Селелаі. meihodò 
H-NMR spectra were recorded on a Bruker WM-500 spectrometer operating in 
the Fourier transform mode and interfaced to an Aspect 2000 computer, 
equipped with a real-time puiser board. Samples were measured in CDC1, using 
tetramethylsilane (0 ppm) as an internal standard. Mass spectra were recorded 
on a VG 7070E spectrometer. Melting points were determined by using a Leitz 
melting point microscope and are uncorrected. HPL£ analyses were performed on 
a Spectra-Physics HPLC system, made up of a solvent delivery system (SP8700) 
equipped with a 254-шп UV detector (SP8300) and a computing integrator 
(SP4100). 
In chapter 2 the modification of the HPLC columns with R(-)-TAPA and 
details of the chromatographic separation of (3), Q ) and (6) have been 
described. The chromatographic data of the HPLC analysis on the LiChrospher 
5RP18 reversed phase column have been collected in Table VII. 
TABLE VII: CHROMATOGRAPHIC DATA OF THE SEPARATION OF THE PRECURSOR Q ) AND THE 
PH0T0PR0DUCTS (3), (5) AND (6) BY HPLC ON A REVERSED PHASE. 
Compound. Capacity f.aci.01 
7,8-DihydrohexaheHcene (6) 7.47 
Hexahellcene (3) 8.20 
5,6-Dihydrohexahelicene (5) 8.86 
C¿¿-2-styrylbenzo[c]phenanthrene (Ί) 12.99 
7/!u/i¿-2-styrylbenzo[c]phenanthrene (І^ 18.75 
Stationary phase: LiChrospher 5RP18, 25 χ 0.4 cm I.D.; mobile phase: water-
methanol (1:9), flow-rate 1 ml/min, u • 0.27 cm/s. 
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All irradiations were carried out in a Rayonet RPR-100 photoreactor, 
fitted with 300 ran lamps, through pyrex, 
The amines were dried over molecular sieves (4 A) or refluxed over 
potassium hydroxide and distilled immediately before use. 
StanJùng таіелйііл and pioducLi 
The synthesis of 2-styrylbenzo[c]phenanthrene {I) and its conversion into 
hexahelicene (3) have been published previously 
/i-Butylamine was deuterated by decomposition of the tetra-arsenic-hexa(n-
butyliraide) complex in D.O according to Vetter and Kahntlehner . The 
NMR spectrum revealed besides full N-deuteration the presence of 25% D at the 
α С atora (CH3CH2CH2CHDND2). 
The experimental details of the irradiation of Q_) in n-butylamine, and 
the isolation and identification of the dihydrohelicenes (¿) and (6) are 
described in the Experimental Section of chapter 3. 
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CHAPTER 5 
7WL ASyñKTRIC Sf/NTHESIS ОТ НЕХАНШСШ. IH CWUSTERIC UQUID OUJSJALS, 
ашии. soiyejfTs /um ашш. CRUSTALS* 
INTRODUCTION 
Hexahelicene (З^ is a polycyclic aromatic compound having a non-planar 
structure due to overcrowding of the terminal rings. Therefore, it occurs in 
two enantiomeric forms: P- and M-hexahelicene. It can be obtained in high 
yield (80-90%) by irradiation of 2-styrylbenzo[c]phenanthrene {V) in the 
presence of an oxidizing agent , like oxygen or iodine (Scheme 1). The 
primary photocyclization product, .¿'uz/i¿-16d,16e-dihydrohexahelicene (2), is 
then converted into (3) by dehydrogenation. 
9 8 
P-h&xahjeJj.c£jve. П-кехаНеЛісяпе. 
(1) (2) (2) 
Scheme. 1 
The chiral configuration of the belicene skeleton i s introduced and 
fixed by the photochemical ring closure of (1_). The ciö-isomer of Q_) 
equi l ibrates between two antipodal conformers: P-c¿i-4yn.- and ti-c¿¿-¿yn-(l) 
W.J.C. Prinsen and VUI. Laarhoven, J. Og. Chan., suhnitted for publicatLcn. 
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Н-сіл-лі,п-(.1) М-(3) 
11 
p-cU-луп-Ш р-(2) 
Scheme. 2 
(Scheme 2). The photocycHzation of the P-conformer eventually yields P-
hexahelicene; the ring closure of the M-conformer leads to the M-enantioraer of 
(D· 
In the past several methods have been used for the asymmetric synthesis 
of hexahelicene: 
j . ) Left- or right-handed circularly polarized light (CPL) excitâtes 
preferably either the P- or the M-conformer of (U¿-iyn-(l.) · The P- and M-cid-
¿¿m-conformers give photoreactions, whose rates are proportional to the amount 
of light absorbed. The precursor itself remains racemic as equilibration 
between the ground state conformers is easy (Scheme 2). Equilibration in the 
excited state, however, will be slow, compared to cyclization. So, the 
preferential excitation of one chiral conformer by polarized light will yield 
optically enriched dihydrohexahelicene (2), which will give optically enriched 
hexahelicene on dehydrogenation. Indeed the photocyclization of (1^ ) with 
right-handed CPL of 370 run yielded enantiomerically enriched (3), but the 
enantiomeric excess (E.E.) was small (0.05%, in favour of M-(3)) ~ . 
8 9) ¿¿J Laarhoven et al. irradiated (1) dissolved in chiral solvents to 
study the asymmetric induction in the photocyclization in relation to the type 
of solvent used. The optical yields of the product (3) varied from 0.04% to 
2.1%. The influence of a chiral solvent was ascribed to the unequal, 
diastereomeric interactions between the chiral medium and the enantiomeric 
forms of solutes. These interactions shift the equilibrium between the two 
Cí¿-¿yn conformers (P and M) of Q ^ to one side and favour the formation of a 
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distinct conformer of the photocyclization product (_2), which yields 
eventually optically enriched (3). From the results obtained with several 
chiral solvents it was deduced, that especially aromatic groups in the 
molecule of the solvent contribute to substantial interactions with the 
precursor (1) and are consequently important for discrimination between the 
conformera of (1_). This can be illustrated by the results in the series: (S)-
(-)-ethyl lactate, (S)-(+)-ethyl O-benzoyllactate, (S)-(-)-ethyl mandelate, 
(S)-(+)-ethyl O-benzoylmandelate (Table I). At room temperature (S)-(-)-ethyl 
lactate, lacking aromatic groups, induced an E.E. of 0.42% of P-(3). 
Replacement of its methyl group by a phenyl group, giving (S)-ethyl raandelate, 
led to a five-fold increase of the E.E.. Introduction of a benzoyl residue in 
the polar hydroxy-function of (S)-ethyl lactate gave an E.E. of 0.84% of the 
antipodal enantiomer M-(3). In (S)-ethyl O-benzoylmandelate, which differs 
from (S)-ethyl lactate by replacement of the methyl by a phenyl group and the 
simultaneous benzoylation of the hydroxy group, gave a low E.E. of 0.04% of P-
8 9) (3) ' , affirming the opposite effects of the two aromatic residues on the 
E.E. of (3). 
TABLE I: THE INFLUENCE OF AROMATIC GROUPS IN CHIRAL SOLVENTS ON THE ASYMMETRIC 
SYNTHESIS OF HEXAHELICENE (3) 
Sohieni. ¿палЫстел £.£. (3) (%) 
(S)-(-)-Ethyl lactate Ρ 0.42 
(S)-(-)-Ethyl mandelate Ρ 2.1 
(S)-(+)-Ethyl O-benzoyllactate M 0.84 
(S)-(-)-Ethyl O-benzoylmandelate Ρ 0.04 
The chiral environment may exert additional asymmetric induction via a 
direct effect on the unstable intermediate .¿/mrt¿-16d,16e-dihydrohexahelicene. 
The intermediate is known to undergo, not only dehydrogenation to hexaheli-
cene, but also a thermal and photochemical ring opening back to c¿4-(l_). In a 
chiral environment the rates of these ring opening reactions of the P- and M-
enantiomer of (2), competing with the dehydrogenation, are probably different, 
what will influence the E.E. of (3). 
•Li-i) A special category of chiral solvents is formed by cholesteric liquid 
crystals (see chapter 1) . They possess a macroscopic helical structure 
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(Figure 1), and seem ideal chiral matrices for the asymmetric synthesis of 
Q ) . The helix of the cholesteric phase is either right-handed or left-handed. 
The terms right-handed and left-handed, however, are used in an opposite way 
by physicists and chemists. Physicists refer to the handedness of the CPL 
ne.f¿e.cted by the cholesteric mesophase, chemists to the handedness of the CPL 
ілап-iniitted by the liquid crystalline phase. To avoid confusion we will relate 
the structure of the cholesteric mesophase to the helical structure of 
hexahelicene Q ) . The term right-handed helix refers to the helical structure 
of P-hexahelicene, the term left-handed to the helical structure of M-hexa-
helicene (Figure 1). 
H-C^4--iyn-(i.) 
7¿guie 1 : СотрапЛлоп of the. Cl-he£¿c¿¿y of a {jefí-handed cho£e¿tei¿.c phaòe. u>¿ih 
the. fl-confoMiea of (1_) and fl-hejcahe^icene ^¿Λ 
There is much controversy in the literature about the effect of the 
cholesteric, liquid crystalline phase on asymmetric synthesis. Kagan and co­
lè) 
workers reinvestigated several cases of asymmetric induction in 
cholesteric media. They concluded that in general the effect of the 
cholesteric mesophase on the induction is negligible, and argued, as did 
19) Dordoni , that the solute molecules are very small with respect to the 
pitch of the macroscopic helix, which is normally > 400 nra. The molecules 
experience in their neighbourhood only a nematic achiral microstructure. 
Moreover, the nematic and cholesteric phases are thermodynamically much closer 
to isotropic liquids than to crystalline solids, in which the high degree of 
order may exert considerable stereochemical control and afford appreciable 
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20 21) 
asymmetric induction ' . The heats of phase transitions from nematic and 
cholesterlc phases to isotropic liquids lie in the range 0.8-1.6 kJ/mol, 
whereas the values for transitions of a crystalline to a nematic or 
10 22) 
cholesterlc phase are 12-16 kJ/mol ' . These considerations suggest, that 
the asymmetric induction will increase in going from chiral isotropic phases 
to the highly ordered chiral crystalline phase, and that chiral smectic 
phases * , because they are much closer to crystalline phases, will induce 
a higher E.E. than cholesterlc phases. The heat of phase transitions from the 
10 22) 
smectic phase to the isotropic liquid lies in the range 12-16 kJ/mol ' 
Despite the conclusions of Kagan and Dordoni , some reports have 
appeared about the asymmetric induction in the photochemical conversion of (1) 
into (3) in several cholesterlc phases. 
A detailed study of the photocyclization of (1) in a mixture of 
cholesteryl chloride-cholesteryl myristate (7:4) was presented by Hibert and 
25) Solladie . Their results have been collected in Table II. The authors 
explain the results by discerning two effects: 
a) In the nematic and isotropic phase the asymmetric induction results only 
from diastereomeric solute-solvent interactions, as is the case in other 
8 9) 
chiral solvents . In the compensated nematic phase the induction is 
increased by a factor six to ten compared with the isotropic phase, because 
the locally more ordered arrangement intensifies the solute-solvent 
interactions. 
TABLE II: THE ASYMMETRIC SYNTHESIS OF HEXAHELICENE IN A CHOLESTERIC LIQUID 
CRYSTALLINE* PHASE 
7ejw (°C) H&LU Pitch (vm) [o]fl С) £.£. (%) 
31 
41 
51 
61 
70 
80 
L-H 
NEM 
R-H 
R-H 
ISO 
ISO 
-3.5 
44.9 
+1.6 
+ 2.0 
+ 7.0 
+10.8 
+15.5 
+ 1.0 
+ 0.8 
0.05 
0.19 
0.29 
0.43 
0.03 
0.02 
L-H- left-handed; R-H= right-handed; NEM- compensated nematic; ISO- isotropic; 
E.E.» enantiomeric excess; cholesterlc mixture: cholesteryl chloride-choles-
steryl myristate (7:4). 
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b) The helical arrangement of the cholesteric mesophase causes a clear 
additional effect. The effect of a right-handed helix results in a higher 
enantiomeric excess of right-handed P-hexahelicene, that of a left-handed 
helix is opposite. The magnitude of this additional effect seems inversely 
proportional to the pitch of the cholesteric helix. 
Nakazaki reported, on the other hand, that in a left-handed 
cholesteric phase with a pitch of 0.5 micron P-hexahelicene was the favoured 
enantiomer (E.E. = 1.1%). The same author demonstrated a similar effect in an 
27) 
achiral mechanically twisted mesophase , in which the induction depends 
solely on the handedness of the pitch, since the molecules of the mesophase 
are achiral. Again a left-handed helix with a pitch of 160 micron (1) 
resulted in a slight E.E. (0.04%) of P-hexahelicene, in contrast with the 
25) 
results of Hibert 
A cholesteric phase can induce asymmetric synthesis of (3) by several 
ways. It can generate circularly polarized light, which, however, is known to 
yield a very low E.E. (0.05%) . Further, it can influence the absorption 
28—30) 
of light by the conformers of (I)· It has been shown , for instance, 
that achiral molecules, such as anthracene, naphthalene, or pyrene, dissolved 
in a cholesteric phase display induced circular dichroisra (ICD) corresponding 
to their own absorption bands. This is called liquid crystal-induced circular 
dichroisra (LCICD). LCICD has been demonstrated in cholesteric phases with 
pitches as large as 18 micron. This effect suggests, that the absorption of 
light can be influenced by the macroscopic helix of the cholesteric phase, 
although the solute molecules experience in their neighbourhood a nematic 
microstructure. In the case of the precursor (JJ of hexahellcene such an 
effect of the cholesteric phase can induce a difference in the absorption of 
light by the conformers of (1), resulting in optically enriched hexahellcene. 
The third possibility for asymmetric induction by a cholesteric phase is at 
the molecular level. The cholesteric phase provides a helical matrix, into 
which one of the conformers of (I) has a better fit. In spite of the large 
difference in size of the cholesteric helix and the molecules dissolved in the 
mesophase, there are indications that a cholesteric phase has an influence at 
the molecular level. Many chiral compounds induce a cholesteric phase in a 
nematic liquid crystalline phase. Solladie studied the conversion of nematic 
31 32) 
phases into cholesteric phases by optically active compounds ' and found, 
that biaryl derivatives having a P-helicity induce a cholesteric phase of the 
same P-helicity in a nematic phase of 4-pentyl-4'-cyanobiphenyl. He argued, 
that the P-helicity of the chiral inducer is transferred to a near molecule of 
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the liquid crystal and from this to the next one and so on, via chiral 
conformations. Therefore, the P-helicity of the induced cholesteric phase is 
the result of a chiral distortion at the molecular level. The mechanism of the 
induction of a cholesteric phase by chiral compounds implies a connection 
between a chiral distortion at the molecular level and the chiral macroscopic 
arrangement of the cholesteric phase. In the case of the precursor (I) in a 
cholesteric phase with P-helicity such a chiral distortion at the molecular 
level will favour the P-conformer of (1) and induce the formation of 
hexahelicene enriched in the P-enantiomer. 
The cholesteric phases used so far for asymmetric syntheses of 
hexahelicene, lacked aromatic groups and possessed a long pitch. We have 
chosen the chiral nematic mixtures TM74 and ΊΜ75 of BDH Chemicals Ltd., which 
33 34) 
consist of derivatives of biphenyl ' substituted with a chiral alkyl 
group. One of the components is 4-(2-methylbutyl)—4'-cyanobiphenyl, a chiral 
32) isomer of 4-pentyl-4,-cyanobiphenyl, used by Solladie . The cholesteric 
phases of these mixtures possess a very short pitch of 230 nm. It is to be 
expected that both the presence of aromatic groups and the short pitch enhance 
the influence of the cholesteric phase on the asymmetric synthesis of 
hexahelicene. Moreover these mixtures have, apart from a cholesteric phase, a 
smectic phase, which being close to a crystalline order, should induce a 
significant E.E.. In addition to these cholesteric mixtures, we studied 
several chiral isotropic phases and chiral crystalline phases with respect to 
asymmetric induction to cover the whole range of phases from isotropic via 
cholesteric and smectic to crystalline. 
EXPERIMENTAL 
Селелаі. ехрелЬііелЬі£ рлосяаиле. 
A 2 wt% solution of 2-styrylbenzo[c]phenanthrene in the chiral medium to 
which a small amount of iodine (20 mol% relative to the precursor of (3)) had 
been added, was prepared. When it concerned a liquid crystalline or 
crystalline solvent, the mixture of (_!.), iodine and the solvent was heated 
slightly above its m.p., and about 150 mg of the solution was sandwiched 
between two pyrex plates separated by a 0.1 mm teflon spacer. In the case of a 
liquid crystalline sample the upper plate was carefully polished by rubbing 
35) 
several times in a single direction with a lens cleaning tissue ' to ensure 
a planar alignment of the preparation (helical axis perpendicular to the 
plates). The desired temperature was obtained by placing the cell in an 
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alumina holder on a thermostated plate. A stream of dry air was applied above 
the cell to avoid any overheating during irradiation or the formation of ice 
on the cell at low temperatures. The sample was exposed to 360 nm UV-light 
from a fluorescent tube (Sylvana F15T8-BL) at a distance of 5 cm for 60 hrs. 
The chiral solvent was removed by flash-chromatography on silica gel (eluent 
/i-hexane). HPLC analysis on a reversed phase column demonstrated, that the 
purified sample contained apart from hexahelicene, the Z- and Ε-isomer of 
the precursor (1) and two dihydrohexahelicenes viz. 5,6-(5) and 7,8-
36 Ì dihydrohexahelicene (6) (Scheme 3). The formation of these dihydroheli-
cenes has been observed before in irradiation mixtures at a low iodine 
37) 
concentration under anaerobic conditions , and in the presence of a 
3θί base . In this study the high precursor concentration caused the complete 
consumption of the oxygen present in the irradiation mixture. The oxygen 
deficiency led to a low iodine concentration and formation of the dihydro-
helicenes (5) and (£). The concentration of iodine could not be increased in 
the liquid crystalline samples, since a high concentration of foreign 
molecules destroys the cholesteric mesophase (see below). 
* 25) 
Hibert noticed , that sene of the sanóles of hexahelicaie (3) obtained freni 
the cholesteric phases were oontaninated with a dihydrohelicene. He suggested, 
that i t was the intanediate (2), but taking into account, that i t i s incessible 
to isolate this highly unstable cençound, i t i s very likely, that his saiçles 
contained the dihydrohelicfnes (5) and (6). 
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DeieAminaLion. of. the. е/іаг Ы.отеліс ехседл oJL fvexahe¿¿.cene. 
In all previous publications concerning the asymmetric synthesis of 
hexahelicene the E.E. of (3) was determined by polarimetry or CD measurements, 
which require highly purified samples of (3). The development of a special 
chiral stationary phase enabled us to measure the E.E. of hexahelicene by 
39) 
means of High Performance Liquid Chromatography (HPLC) . This method is 
8 9 25—27) 
more reliable than the methods applied previously ' ' , since 
contaminations in the sample do not affect the accuracy. 
The preparation of the column (R(-)-TAPA coated on silica gel) and the 
HPLC method for the determination of the E.E. of (3) have been described in 
detail 3 9 ). 
After the removal of the chiral solvent by flash-chromatography the 
sample was dissolved in 2 ml of a mixture of water and methanol (1:9) and 
injected on a Lobar column (Merck, size A: 20 x 240 nm) packed with LiChroprep 
RP8 (size 40-63 um; mobile phase: water-methanol (1:9); flow-rate 2 ml/mln). 
The fraction containing hexahelicene was analysed by HPLC on a LiChrospher 
RP18 column to ensure, that the sample was completely free from the precursor 
(¿) (see chapter 4, Table VII). The peaks of C¿Ó- and ілап4-( ) overlapped the 
peaks of the enantiomers of (3). No effort was made to separate (3) completely 
from the two dihydrohelicenes (5) and (6), since these compounds did not 
interfere with the determination of the E.E. of (3) by HPLC (see chapter 2, 
Table II). The HPLC analysis appeared a reliable method to obtain an accurate 
value of the E.E.. The value of the E.E. (% of (3)) in a sample could be 
39) determined with an accuracy of 0.3% . 
The total chromatographic procedure was tested with racemic hexahelicene 
in all chiral solvents used. Enantiomeric enrichment of (¿) was never 
observed. 
RESULTS 
Otinai. ¿лоілорі.с ioívejiLi 
Using the procedure described above the asymmetric synthesis of 
hexahelicene was probed in several chiral isotropic solvents. The solvents had 
9) been used previously , but then the influence of the temperature had not 
been taken into account. Afer purification by flash-chromatography the sample 
contained 60-70% of (3), 20-30% of QJ and 0-15% of the dihydrohexahelicenes 
(5^ and (6^. The precursor was removed by chromatography on a reversed phase 
column and the E.E. of (3) was determined by HPLC. The results presented in 
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Table III are consistent with the earlier results, except for the values 
found in (S)-(+)-ethyl 0-(o-naphthoyl)lactate, which are lower than published 
8 9) before ' . The results show that an unorganized isotropic chiral medium can 
induce a significant E.E.. Lowering the temperature generally increases the 
E.E., and this effect is most pronounced in (RR)-(+)-diethyl tartrate. 
TABLE III: ASYMMETRIC SYNTHESIS OF HEXAHELICENE IN CHIRAL ISOTROPIC SOLVENTS 
AT VARIOUS TEMPERATURES 
Soiveni. Тетрелаіиле. ('С) £.£. (%) 
(RR)-(+)-Diethyl tartrate 
(RR)-(+)-Diethyl OO'-dibenzoyltartrate 
(S)-(+)-Ethyl 0-(o-naphthoyl)lactate 
(S)-(+)-Ethyl 0-(2-phenyIbenzoy1)lactate 
-33 
-25 
+16 
+51 
-25 
- 6 
+16 
+51 
-60 
-33 
- 6 
+ 5 
+51 
-33 
- 6 
+16 
+51 
2.7 M 
1.9 M 
1.0 M 
0.3 M 
1.1 Ρ 
1.0 Ρ 
1.1 Ρ 
0.4 Ρ 
1.0 Μ 
1.3 Μ 
0.8 Μ 
0.8 Μ 
0.4 Μ 
1.6 Μ 
1.0 Μ 
0.3 Μ 
0.5 Μ 
а
 ± Г С ; Ь Ε.Ε.- enantiomeric excess of (3) determined by HPLC; ±0.3%; P/M 
preferential enantiomer of Q ) . 
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Liqwid CAyòiaJJJjie. сАоігліеліс phai&A 
Following the experimental procedure described above experiments were 
performed in the liquid crystalline cholesterlc phases of the mixtures TM74 
and TM75. The temperatures of the transition from the cholesterlc phase to the 
isotropic phase, T-.
 T, were determined by observation of the melting process 
11) 
under a polarizing microscope . The data for the pure mixtures TM74 and 
TM75 were obtained from BDH. The presence of foreign molecules and 
prolonged irradiation influenced the physical properties of the cholesterlc 
mixtures as the data in Table IV demonstrate. The changes increase with the 
growing variety of foreign molecules during the photoreaction. The data reveal 
that the change of properties of TM74 is less than that of TM75. This may be 
due to the much longer temperature range of the cholesterlc phase of TM74 
(ca. 50<>C) in comparison with TM75 (ca. 12 0C). The temperature-dependence of 
the pitch of TM75 containing 2 wt£ (1) and 0.3 wt% iodine was determined 
before and after the photochemical conversion by measuring the wavelength of 
the reflected, circularly polarized light as a function of temperature. 
40) 41) 
Fergason , using the helical model for cholesterics proposed by Oseen 
42) 
and De Vries , established that a cholesterlc liquid crystal, characterized 
by the helix pitch p, can reflect light of a wavelength λ ., directly 
proportional to the pitch: λ ,, » η · ρ, with η = the mean refractive index. 
40) The value of η was estimated to be 1.5 . The wavelength of the reflected 
43) light was determined by maesurement of the transmitted light . This method 
for the determination of the pitch can be applied only in the range outside of 
the absorption bands of the compounds present in the cholesterlc sample, i.e. 
λ_ «τ > 380 nm. For the determination of the pitch of a cholesterlc mixture 
r e f l
 44-46) 
with λ
 f l < 380 nm, the 0RD method of Stegemeyer was used . The mixture 
TM74 could not be measured by these methods at low temperatures because 
cooling below -5°C resulted in the formation of ice on the cell. The handed­
ness of the pitch of the mixture TM75 was deduced from the 0RD measurements 
42) 
according to the theory of de Vries . The cholesterlc mixture TM75 has a 
right-handed helix. TM74 has a right-handed helix as well, as could be deduced 
47) from the properties of the cholesteric phase of a mixture of TM74 and 
TM75. 
After the irradiation and removal of the cholesteric solvent the purified 
sample contained, apart from (3), and the side products (5) and (6), 30-40% 
of (_1). In both cholesteric mixtures more (5^ than (¿) was formed, but the 
ratio (¿VCjb) depended on the phase used: Irradiation of (l) in TM74 at 
240C for 60 hrs. resulted in (5)/(6) » 3.5; a similar irradiation in TM75 gave 
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TABLE IV: THE CHOLESTERIC PHASES OF THE MIXTURES VWt AND 1M75 
Піхіилг 7S_CA CC) 7 j . ('C) 
TM74 -32.6 15.9 
TM74 + 2 wt% (i) + 0.3 wt% iodine 13.5 
TM74 + 2 wt% (i) + 0.3 Mtt iodine after 
60 hrs irradiation with 360 nm light 11 
TM75 41.3 53.2 
TM75 + 2 wt% (1) + 0.3 wt% iodine 36 49 
TM75 + 2 wt% (1) + 0.3 wt% iodine after 
60 hrs irradiation with 360 nm light 28 42 
Τ,,-. = transition temperature smectic phase-cholesteric phase; T_ _- « 
transition temperature cholesteric phase-isotropic phase. 
(5)/(6) - 6.5. 
After removal of the precursor (1) from the samples by chromatography on 
a reversed phase column as described above, the E.E. of hexahelicene (_3) was 
determined by HPLC. The results collected in Table V show that P-hexahelicene 
is the prefential enatiomer in all samples. Because the values for the E.E. of 
39) (_3) were less than 1% in all samples, we used the extented HPLC analysis , 
combining the peak area and the peak height, to minimize the experimental 
error. In addition we attempted to determine the E.E. of hexahelicene by means 
of measurement of the circular dichroism (CD) of the sample, neglecting 
influences of the two dihydrohexahelicenes on the CD-spectrum. By relating the 
48 ) 
CD of the sample to the molar ellipticity of (3) ' the E.E. of (3) could be 
calculated. The discrepancies between the values derived from CD and the 
values obtained from HPLC prove, that the CD-method is unreliable. 
As mentioned above the pitch of the cholesteric phases, especially of 
TM75, had changed during the photoreaction. Therefore, the pitch of TM75 was 
determined before and after irradiation. 
The results reveal a rather small but significant effect of the 
cholesteric liquid crystalline phases on the E.E.. The right-handed choles­
teric phases favour the formation of right-handed P-hexahelicene over left-
handed M-hexahelicene, but the effect is only 0.5-0.8%. This is surprisingly 
small, since we expected that a cholesteric phase with short pitch and 
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TABLE V: THE ENANTIOMERIC EXCESS OF P-HEXAHELICENE (3) OBTAINED BY IRRADIATION 
OF 2-STYRYLBENZO[C]PHENANTHRENE (I) IN THE CHOLESTERIC PHASES OF TM74 AND TM75 
Oio£e¿¿&Uc phoAe. 7ftl4 
( PHASL j ( ε.ε. m ) ( œmsmoN j 
Tempa Type Pitchb HPLCC CDd (3) (5) (6) 
CC) (шп) (Χ) (Ζ) (Ζ) (Ζ) (Ζ) 
-33 
-25 
-19 
-14 
-10 
- 6 
- 1 
+ 5 
+10 
+24 
+51 
SMEC 
CHOL 
CHOL 
CHOL 
CHOL 
CHOL 
CHOL 
CHOL 
CHOL 
ISOT 
ISOT 
260 
240 
230 
230 
230 
230 
230 
230 
0.4 
0.8 
0.6 
1.0 
0.8 
0.7 
0.8 
0.9 
0.9 
0.1 
0.2 
0.1 
0.3 
0.1 
0.9 
0.2 
0.4 
0.3 
0.5 
0.3 
0.1 
0.2 
83 
47 
33 
58 
71 
25 
54 
43 
30 
80 
75 
7 
41 
44 
25 
15 
44 
31 
31 
35 
11 
10 
10 
12 
23 
17 
14 
31 
15 
26 
35 
9 
15 
Tempa 
(eC) 
Type 
Оіоіеліеліс phtue. 
Pitchb 
(шп) 
1 2 
HPLCC 
(%) 
7/775 
CDd 
(%) 
(3) 
m 
(5) 
(%) 
(6) 
(Ζ) 
+15 
+24 
+35 
+36 
+38 
+39 
+45 
+62 
SMEC 
SMEC 
SMEC/CHOL 
SMEC/CHOL 
CHOL 
CHOL 
CHOL/ISOT 
ISOT 
330 
270 
230 
240 
230 
230 
230 
0.4 
0.4 
0.6 
0.6 
0.5 
0.5 
0.8 
0.1 
0.4 
0.3 
0.2 
0.4 
0.2 
0.4 
0.5 
0.0 
90 
85 
37 
66 
49 
51 
58 
98 
8 
10 
27 
16 
27 
15 
17 
1 
2 
5 
36 
18 
24 
34 
25 
1 
Table V continued. 
SMEO amectic; CHOL- cholesteric; ISOT- isotropic; 1: before irradiation; 2: 
after irradiation; Q)ï (5) ; (6) - fraction of hexahellcene (3); 5,6- (5); 
a b 
7,8-dihydrohexahelicene (6) in the sample. Temperature: leC; Pitch: 
±10 nm; c E.E. by HPLC: ±0.2Z; d E.E. by CD: ±0.1Z. 
aromatic groups in the molecules, should increase the E.E. of (3) substan-
25) tially compared with results of Hibert , who found an effect of 0.4% 
relative to the isotropic phase. 
Chinât cJiy-iíattine. рНалел 
The accurate determination of the E.E. values by HPLC enabled us to study 
asymmetric induction in highly ordered crystalline phases. Because of 
scattering of light by crystals, the photochemical conversion of (_1_) into (3) 
is much slower than in liquid crystalline phases. The procedure described 
above was slightly adapted by enlargement of the amount of iodine to 100 mol% 
relative to (JJ, because crystalline phases are inaccessible for oxygen. The 
samples were prepared by melting the solid phase and dissolution of 2 wtZ of 
Ц ) and an equimolar amount of iodine. Samples of this solution, weighing 
about 150 mg, were molten to allow crystallization between two pyrex plates. 
After irradiating for 150 hrs with 360 nm light only 20-30% of the precursor 
had been converted into hexahellcene (_3). This amount sufficed to allow 
chromatographic isolation and determination of the E.E. by HPLC. The accuracy, 
however, was only 0.5% due to the small amount of hexahellcene that could be 
isolated. The E.E. was determined independently by CD-measurements. Two chiral 
crystalline phases were studied at several temperatures: (S)-(+)-ethyl O-(0-
naphthoyl)lactate (mp. 64-65,,C) and (S)-(+)-ethyl 0-(4-phenylbenzoyl)lactate 
(mp. 88-890C). The results are presented in Table VI. As expected for these 
highly ordered chiral environments the E.E. was relatively high (up to 7%). CD 
and HPLC determinations were consistent, when the contamination of the sample 
with dlhydrohexahelicenes was small. In both crystalline phases a temperature-
dependence of the E.E. was observed. In (S)-(+)-ethyl O-(0-naphthoyl)lactate 
the E.E. decreases with increasing temperature. In (S)-(+)-ethyl 0-(4-
phenylbenzoyl)lactate a decrease of the excess of the preferential M-
enantiomer with increasing temperature is only observed up to -190C; above 
-140C the P-enantiomer is the preferential product. The sudden change of the 
preferential product with temperature is fully reproducible. A similar 
temperature effect has previously been reported for the chemically induced 
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TABLE VI : THE ASYMMETRIC SYNTHESIS OF HEXAHELICENE IN CHIRAL CRYSTALLINE MEDIA 
(5)-(*)-£thyi 0-(b-naphthr,yl)laciuU 
( £.£. (3_) ) ( CompoA-LLion ) 
TemPa 
(0C) 
-26 
-19 
+16 
+51 
(P/M) 
M 
M 
M 
M 
HPLCb 
(%) 
5.9 
5.3 
1.7 
3.0 
CDC 
m 
5.2 
5.4 
1.6 
3.1 
(Dd 
(%) 
64 
84 
92 
99 
(5)d 
(%) 
14 
11 
1 
(6)d 
(%) 
22 
5 
7 
1 
(Sn+)-£thyl O-a-pherujUenz.oyDIa.cixiU 
( £.£. (i_) ) ( CompotiLLon ) 
Tempa 
CC) 
-26 
-24 
-19 
-14 
+16 
+51 
a
 Temp: іГС; 
(P/M) 
M 
M 
M 
Ρ 
Ρ 
Ρ 
b
 E.E. by 
HPLCb 
(%) 
6.8 
5.0 
4.1 
2.6 
2.8 
3.0 
HPLC: ±0, 
CDC 
(X) 
5.3 
4.4 
3.5 
2.3 
2.2 
2.2 
.5%; c E.E. 
(Dd 
(%) 
78 
94 
89 
78 
90 
91 
by CD: 
(5)d 
(%) 
5 
2 
5 
9 
4 
2 
±0.2%; 
(6)d 
(%) 
17 
4 
6 
13 
6 
7 
d
 (1); (5); (6) -
fraction of hexahelicenej 5,6- (Ь); 7,8-dihydrohexhelicene (^ ) in sample; Ρ/Μ: 
preferential enantiomer of (3). 
49) 
asymmetric photosynthesis of a hexahelicene derivative . It suggests a 
change in the crystal structure of the solvent. To check this crystal 
structure analyses of the solid solvent were performed at two temperatures; 
-25°C and +20°C, respectively. The details are described in chapter 8. A 
comparison of the two structure determinations shows that neither the crystal 
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structure nor the molecular configuration is affected by the change in 
temperature. This conclusion was corroborated by Differential Scanning 
Calorimetry (DSC). A DSC measurement of 60 mg of the solid solvent did not 
detect any phase-transition in the range -70°C to 4-80eC. A change in the 
crystal structure involving an enthalpy of transition of more than 0.1 kJ/mol 
would have been detected by the DSC-measurement. These results, however, do 
not exclude the possibility that a guest molecule (l) which replaces a 
molecule in the crystal structure, does change its preferential conformation 
at the given temperature. 
7/i¿ace¿y£ce£íu¿o-se. and $-cyc¿odextn-in 
Finally we studied the asymmetric synthesis of hexahelicene in two 
special chiral media viz. ß-cyclodextrin and triacetylcellulose. To a solution 
of 5 mg of (Γ) in 250 ml of ethanol 5 g of the chiral polymer was added. The 
mixture was refluxed for three hours, and then ethanol was evaporated -in. 
vacuo. The resulting powder was irradiated for 60 hrs with 300 nm light at 
room temperature in a rotating pyrex vessel. The powder was extracted three 
times with 250 ml refluxing ethanol. The ethanol of the combined fractions was 
evaporated лл vacuo. After flash-chromatography on silica gel with я-hexane 
the sample was analysed by HPLC on a reversed phase column. 
The sample obtained from ß-cyclodextrin contained less than 1% 
hexahelicene. In ß-cyclodextrin the ілапл/сіл ratio of (_1_) had increased to 
20. Only the c-¿ó-isomer of Q_) can be converted photocheraically into (J¡) the 
precursor of (3), and a high ¿лапл/сМ ratio delays the conversion of QJ into 
(1). 
HPLC analysis of the sample obtained from triacetylcellulose demonstrated 
that 20% of Q_) had been converted into hexahelicene, which was isolated by 
chromatographic procedure described above. Determination by HPLC showed that 
the sample had an E.E.-value of 4.5% (±0.5%) in favour of M-(3). 
DISCUSSION 
The results presented in this study demonstrate, that the asymmetric 
synthesis of hexahelicene in a chiral environment is complex and yields 
generally relatively small values for the E.E.. The photochemical ring closure 
of Q_) does not only result in hexahelicene, but yields substantial amounts of 
the dihydrohexahelicenes (5) and (6) as well. The side-products prohibit the 
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accurate determination of the E.E. of (3) by polarimetry or CD measurements, 
but reliable results are obtained by HPLC analysis using a chiral stationary 
39) phase . 
In chiral isotropic phases (Table III) highest values, reaching to 1.5-
2.5%, are found at low temperatures. In chiral crystalline phases (Table VI) 
higher E.E.-values (6-7%) are observed. Apparently the more ordered 
arrangement in the chiral medium provides a better matrix for the asymmetric 
synthesis. A handicap of crystalline phases is that the photochemical 
conversion proceeds very inefficiently. The remarkable influence of the 
temperature on the E.E. observed in (S)-(+)-ethyl 0-(4-phenylbenzoyl)lactate 
is not well understood. 
E.E.-values obtained in cholesteric phases (Table V) are lower than 
25-27) 
expected from earlier studies . Especially the very low values in the 
isotropic range of TM74 and TM75 (< 0.2%) are remarkable when compared with 
other chiral solvents (Table III). Apparently the presence of aromatic groups 
does not enhance the E.E. in these cases. 
25) In accordance with the results of Hibert the right-handed cholesteric 
phases promote the formation right-handed P-hexahelleene. The effect of the 
macroscopic helix becomes more important as the pitch is shorter, what follows 
from a comparison of the results in the Tables II and V. Moreover, the smectic 
phases of ΊΜ74 and ΊΜ75, although they are more ordered (see introduction) and 
are expected to provide a better chiral matrix than the cholesteric phases, 
induce smaller E.E.-values (Table V). 
The observed influence of the cholesteric phase is not readily explained, 
when taking into account the arguments of molecular dimensions and heats of 
phase transitions of the cholesteric liquid crystalline phase (see intro­
duction). The two-dimensionally ordered smectic phase should induce a higher 
E.E. than the cholesteric phase, in which the solute molecules of the 
precursor "see" a nematic phase with a one-dimensional arrangement at the 
molecular level. The higher E.E.-values found in the cholesteric phase must be 
caused by its macroscopic, helical arrangement. This leads to the question, 
how the solute molecules "experience" the helical structure of the cholesteric 
phase. Three possibilities may be considered. 
One of them is the generation of circularly polarized light (CPL) by the 
cholesteric phase (see introduction). Although this might be responsible for 
some chiral induction in our experiments, it is impossible to explain the 
25) 
results of Hibert in this way, because a cholesteric phase with a 
pitch > 1.6 micron can not generate CPL having a wavelength in the range 300-
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400 nm. Moreover, the left-handed CPL, which is generated by the cholesteric 
phases of TM74 and ΊΜ75, induced only a slight E.E. (0.05% of P-(3)) in 
several isotropic solvents 
Another possible explanation is, that the light "sees" the chiral the 
absorption of light by the conformers. Such a difference in absorption should 
account for the effect of the cholesteric phase on the asymmetric induction, 
without the necessity of a chiral matrix in which one of the chiral conformers 
fits better. This idea is derived from the LCICD observed in cholesteric 
phases (see introduction). 
The third possibility is, that the macroscopic helix of the cholesteric 
phase is correlated with a chiral distortion on the molecular level, which 
provides a better matrix for one of the conformers of (1). The observations, 
that a right-handed cholesteric phase induces the formation of right-handed P-
hexahelicene, and that chiral blaryl derivatives with P-helicity induce a 
31 32) 
right-handed cholesteric phase in a nematic liquid crystalline phase ' , 
are consistent with this explanation for the chiral induction in a cholesteric 
phase (see introduction). 
EXPERIMENTAL SECTION 
Арралаіи-і 
UV/VIS spectra were measured with a Perkin-Elmer 555 spectrometer. HPLC-
analysis was performed on a Spectra-Physics HPUH system, made up of a solvent 
delivery system (SP870O) equipped with a 254-nm UV detector (SP8300) and a 
computing integrator (SP4100). 
CD spectra were measured with a Jouan Dichrograph Model Mark III, ORD 
spectra with a Jasco spectrometer. 
Differential scanning calorimetry measurements were performed on a 
Setaram 111 instrument. 
The modification of the HPLC columns with R(-)-TAPA and details of the 
chromatographic separation of (3), (5) and (6) are described in chapter 2. The 
chromatographic data of the HPLC analysis on the LiChrospher 5RP18 reversed 
phase column can be found in chapter 4. 
Starting таілліаіл and p/iodudbb 
The synthesis of 2-styrylbenzo[c]phenanthrene (1_) and its photodehydro-
cyclization to hexahellcene (¿) have been published previously 
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The i so la t ion and ident i f icat ion of 5,6-dihydrohexahelicene (5) and 7 ,8 -
dihydrohexahelicene (6) are described in the chapters 3 and 4 . 
The syntheses, purif ications and characterizations of the chiral solvents 
9) 
used in th i s study have been described in deta i l previously . 
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7HL JHERfíAL ΜΟΛΙΖΑΎΙΟΗ ОТ 1,3-ВІ-7Ш.ВШуіЖХАНШаЖ 
INTRODUCTION 
The thermal racemization of carbohelicenes has been reported to occur 
with unexpected ease ' . Martin ' considered three pathways for the 
reaction: -i) via bond breaking; -ii) via an internal double Diels-Alder adduct; 
•LLi) via direct inversion. 
The first pathway, viz. the rupture of a C-C bond with the formation of a 
non-stabilized diradicai, is hardly compatible with the kinetic results for 
2) 
the racemization of hexa-, hepta-, octa- and nonahelicene (Table I). Ther­
mal racemization via bond breaking requires a higher enthalpy of activation 
(ΔΗ * ) than found for the helicenes, and should be attended with a positive v
 rac 
entropy of activation (AS * ). 
The second possibility, the occurrence of an internal double Diels-Alder 
adduct, has been discarded experimentally in the case of hexa- and 
2) heptahelicene, by the study of appropriately substituted derivatives . 
For a direct inversion the terminal rings have to pass each other, what 
can only occur by molecular deformations, spread over a large number of bonds 
and angles. It was supposed that the racemization occurs via an intermediate 
state in which the terminal rings are parallel. Calculations by a force-field 
method using this model gave reasonable values for the energy of activation 
for hexahelicene (Ea = 171.7 kJ/mol; exp. 150.5) and for heptahelicene (Ea -
191.0 kJ/mol; exp. 171.7) 4 ). 
TABLE I: ENTHALPY AND ENTROPY OF ACTIVATION OF THERMAL RACEMIZATION IN THE 
BELICENE SERIES 
tUUcen*. [6] [7] [8] [9] 
ДН
г
*
с
 (kJ/mol) 
AS * (J/mol'K) 
гас
 v
 ' 
[6]- hexa-, [7]= hepta-, [8]- octa- and [9]» nonahelicene. 
146.2 
-17.6 
169.6 
-16.3 
171.7 
-19.2 
174.7 
-25.6 
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Determination of the raceraization parameters for some methyl-substituted 
hexahelicenes showed that the AHx-values are in general between those of hexa-
and heptahelicene . The activation entropies have, however, much larger 
negative values for hexahelicenes having substituents at C(l) and C(16) 
(Figure 1 and Table II). A methyl group at the 1-position should bring about 
only a small effect if the terminal rings are parallel in the transition 
state. The relatively large negative value of the activation entropy points, 
therefore, to a transition state which has the terminal rings in an orthogonal 
position to each other. Such a conformation is passed twice during 
racemization (a and b in Scheme 1) and in the raceraization of 1-
methylhexahelicene one of them (a) is more strained than in the same process 
of the unsubstituted hexahelicene. 
9 θ 
Т-ідиле. І! Tke. гштИелАпд of. the. ролЛЛопл -in НехаНеЛи-селе.. 
Η orlhogoul parallel orthogonal Ρ 
a t> 
Scheme. 1 
According to the Scheme and in accordance with the experimental data 
substituents at C(3) and C(14) have no effect on the AG*-value, whereas methyl 
groups at C(2) and C(15) cause a small but significant increase in AG* 
(9.6 kJ/raol at 240°'C)5). 
The thermal racemization of thiahelicenes has been reported to occur at 
much slower rate than that of the carbohelicenes having a similar internal 
angle . The entropy of activation has large negative values in comparison 
98 
with the carbohelicenes, indicating more loss of motional freedom in the 
transition state and less flexibility of the skeleton of these 
heterohellcenes. 
Now we report the racemization of a hexahelicene substituted with a bulky 
alkyl group at the 1-position, i.e. l,3-di-.¿A/L¿.butylhexahelicene (1_) (see 
Figure 2). This hexahelicene has been synthesized before, but the final 
photocyclization step in the synthetic route yielded under standard conditions 
only 1% of (1_). The very low yield was ascribed to the photo-instability of 
the product . The yield could be improved, however, to more than 90% by 
optimizing the conditions of the photocyclization. 
Τ ¿доле. 2 г 1 ,i-tíí-teAÍ.&atyihex.aheJJ.c£ne. (]_). 
AJ Tonmitaj B) Spacz-f-LtLing modíí. 
After the separation of the enantiomers of (JJ the thermal racemization 
has now been studied and the mechanism of the racemization of this 
hexahelicene derivative is discussed. 
SYNTHESIS 
The synthesis of 2-(3,5-di-¿£^¿.butylstyryl)benzo±cijphenanthrene ^2), the 
precursor of (l·), has been reported . Irradiation of a 0.001 molar solution 
of (2J in benzene in the presence of air and a catalytic amount of iodine (5% 
relative to the substrate) yielded only 1% of (1) 
HPLC analysis of the irradiation mixture demonstrated the formation of 
substantial amounts of benzo[c]phenanthryl-2-aldehyde and dimerization 
products of (£). Removal of oxygen from the irradiation mixture inhibited the 
conversion of (2^ into benzo[c]phenanthryl-2-aldehyde. Dimerization of (2} 
could be prevented by lowering the concentration in the irradiation mixture. 
Irradiation (3 hrs., 300 nm, Rayonet RPR-100 photochemical reactor) of 1 liter 
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of a deaerated solution of (2), 44 mg/1, in n-hexane, with an equimolar amount 
of iodine (26 mg), lamps afforded (1) in 91% yield (40 mg). It was isolated 
by column chromatography over silica using n-hexane as the eluent, and further 
purified by crystallization from ethyl acetate (yellow crystals, m.p. 219-
221eC; lit. 7 ) 221-2240C). 
^-NMR (CDC13) 6 0.01 (s, 9H), 1.33 (s, 9H), 6.36 (t, IH), 6.57 (d, IH), 6.96 
(d, IH), 7.02 (t, IH), 7.60 (d, IH), 7.64 (d, IH), 7.77 (d, IH), 7.81 (s, 2H), 
7.83 (d, 1H) ( 7.88-8.02 (m, 4H). 
Anal. cale, for С 3дН 3 2: С 92.68%, H 7.32%; found: С 92.18%, H 7.35%. 
The crystal structure of Q ^ is described in chapter 7. 
For the chromatographic separation of the enantiomers of (JJ a stainless 
steel column (250 mm x 7.9 mm I.D.) packed with R(-)-TAPA-coated silica gel 
(HChroprep Si60 (15-25 um) was used. The preparation of the chiral stationary 
phase is described in chapter 2. A sample of (JJ (5 mg) was dissolved in 2 ml 
of dilsopropyl ether-hexane (2:98) and injected on the column by means of a 
loop (Eluent: dilsopropyl ether-hexane (2:98); flow-rate: 2 ml/min). Fractions 
of 4 ml were collected and analysed by HPLC on a special R(-)-TAPA-coated 
column to determine the enantiomeric excess (E.E.) (see chapter 2). The highly 
enriched fractions (E.E.> 50%) were combined, and the solvent removed -ut 
vacuo. By repeating the procedure several times a sample of enriched M-QJ 
(E.E. 64%) weighing 5 mg was obtained, which was used for the racemization 
experiments. 
THERMAL RACEMIZATION OF (1) 
Racemization reactions of M-(¿) were carried out in a 1,6-dimethyl-
naphthalene solution in a sealed tube. The samples were heated in a Heraeus BR 
1.8/25 oven, regulated by a Heraeus RK 42 control system. The temperature of 
the tube was measured using a thermocouple with a Digitron 2751-K thermometer. 
The E.E.-values of Ц ) were determined by HPLC on a R(-)-TAPA coated 
column (Figure 3). Contrary to E.E.-evaluation by measurement of optical 
rotations, the HPLC method for determining E.E.-values can be used, even when 
side reactions occur during the racemization. Since racemization of (1) is 
observed at temperatures amply above SOO'C, the possibility of thermal side 
reactions can not be ignored. It is noteworthy that the racemization of (1) 
occurs only at temperatures at least 90°C above its melting point. With all 
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71диле. 3: The. аеллеале. of. the. епапіЛотеліс екселл (£.£.. ) скілілд ОиглтаЛ 
/ULceMLuatLon of. (1_) at 350'С in 1,6-cUm£¿hyÍjia.phihalejve. пигалилеа 1Ц/ НРІ£, 
(¿.£.)0= 64% ±1%. а) а.£Ып. 25 nun: £ .£ .= 53.5% t1%i i.) а/ілл 80 nun: £.£.= 
35.8% t1%f с) aftví 180 пил.: £ .£.= Π.8% tili. Sbationwuj phoAe. 13 mg of R(-)-
7APA on f g of СІОІЛОАОЛІ. S¿60/5 (Пелск). notile. phoAe.: (Uethyl etA&i-light 
реілоіеит (ί,.ρ. 60-80'C) (5:95). Соіилт.: (20+20+25) an x 0.46 cm I.D. ΤΙοω-
Aate.: 1.5 mi/min. 
other hel icenes studied the temperature of racerolzatlon under similar 
conditions (so lut ion in naphthalene) was below the melting point of the 
bel icene. 
RESULTS AND DISCUSSION 
The rate constants of racemization (k , s ) and the free energies of 
act ivat ion (AG * , J/mol) were calculated from the decrease of (E.E) with 
time using eqns (1) and ( 2 ) , respect ive ly . Τ in (2) i s the absolute 
temperature at which к was measured. r
 гас 
k
r a c
 - l/2t « l n ( ( E . E . ) 0 / ( E . E . ) t ) (1) 
ÛGrac " 19.16T-(10.319-log(k r a c /T) (2) 8) 
From several determinations of AG * at different temperatures the 
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enthalpy ( ΔΗ * ) and entropy of activation (Δ3 * ) were obtained by 
cation of eqn (3). 
appli-
AG * 
гас 
ΔΗ * - ΤΔ3 * 
гас гас 
О) 
2,5) for In Table II the results are compared with data from literature 
several methyl-substituted hexahelicenes. 
The very high enthalpy and the positive entropy of activation of Q.) 
demonstrate that the racemization of (1^ occurs via another mechanism than 
that of the other helicenes. The hexahelicene skeleton can not accommodate the 
bulky іллі.. butyl group in a transition state which has the terminal rings in 
an orthogonal position to each other as has been depicted in Scheme 1 for 1-
methylhexahelicene. As a mechanism for racemization in the present case a 
breaking of a bond seems appropriate. Unfortunately, trapping of a radical 
intermediate under the experimental conditions used was not possible. 
Remarkably no significant side reactions were observed during the 
racemization of (¿). Heating for 2 hrs. at 310eC of a sample of (_1) causes 
less than 1% racemization, emphasizing its thermal stability. An indication of 
the half-life at 270'C is given in Table II. Whereas hexahelicene has a half-
life of about half a minute, l,3-di-¿£^¿.butylhexahelicene (_!_) has a half-life 
of more than four years at this temperature. This stability makes them very 
TABLE II: THERMAL RACEMIZATON PARAMETERS FOR SEVERAL AUYL-SUBSTITUTED 
HEXAHELICENES 
HejLLcene. Ò.G * 
гас 
(kJ/mol) CC) 
ΔΗ * 
гас 
(kJ/mol) 
AS * 
гас 
(J/mol'K) 
ti at 270'C 
(min) 
[ 6 ] a 
1-Me[6]b 
l,14-diMe[6]b 
1.16-diMe[6]b 
l,3,14,16-tMe[6]b 
l,3-di-t.Bu[6]c 
154.3 
183.2 
183.5 
186.5 
186.5 
208.8 
196 
269 
269 
270 
270 
342 
146.2 
161±2 
158±2 
350±7 
-17.6 
-41±2 
-54±2 
+230±10 
30 sec 
231 
241 
444 
444 
4 years 
Values from ref 
0.4 kJ/mol. c 
2; Values from ref. 5¡ the accuracy of ΔΓ. * 
гас 
The accuracy of AG * is 0.6 kJ/mol 
is 
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useful as chiral inductors of cholesteric phases, especially when a helical 
configuration of the inductor and high temperatures for the liquid crystalline 
u j j 9-11) 
phase are required 
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Crystal structure of 2,4-di-t-butyl-phenantro(3,4-c)phenantrene 
(M-di-t-butyl-hexahelicene), С^2 
H. Behma , WJ.C. Prinsenb , A.F. Lourens? Paul T. Beurskens a , CA J. Hajecb 
b 
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Crystallography Laboratory and Department of Organic Chemistry, University of 
Nijmegen, Toernootveld, 6525 ED NIJMEGEN, The Netherlands 
Introduction For the study of the relation between the physico-chemical properties and the 
conformation of hexahehcene derivatives (Laarhoven et al, 1984) a compound with a bulky 
group at the C(l) position was needed The synthesis of the title compound m only 1% yield 
has been described already fifteen years ago (Laarhoven et al, 1972). By a reinvesUgatior 
of the synthesis the yield could be raised to more than 90% (Prinsen et al, 1988) This 
allowed us to determine Its NMR spectra and .after resoluuon of its enanliomers, the optical 
rotation (Pnnsen er al, 1987) and racenusation parameters To correlate these properties 
with its structure in the solid phase the crystal structure has been determined. The present 
compound is denoted DIBU for further references 
Experimental Crystal data 290 K, M=440 63, monocluuc, space group - Р2
х
/п, a -
9 743(1), b = 9 798(2), с « 25 914(3) Â, β = 99 602(13)°, V - 2439 3 Χ', Ζ - 4, 
D=\ lOg/cm1, CuKa radiation, μ=11 8cm '. Standard expérimental details are given else-
where (Smits et al, 1988, to be referred to as PREFACE) Crystals obtained by 
recrysiallizalion from ethylacetate Unit cell dimensions from reflections with 7° < θ < 29°. 
Intensity data for 12103 reflections (up Ιο θ = 70°), 4616 unique reflections, 3431 observed 
{R^^^Q 036) The phase problem was solved by vector search methods L s refinement' 
weight factor •= 0 0001, shifl/error less than 0 07 Final AF peaks less than 0 1 e/ A' R = 
0 034, R
w
 = 0 039 for 3431 observed reflections and 435 variables Programs used 
EMPABS. MM2 (Davies), ORIENT, TRACOR, DIRD1F, DIFABS (Walker & Stuart), 
SHELX (Sheldritk). PLUTO (Motherwell), PARST (Nardelli), for program references sec 
PREFACE 
Discussion In Table II the mean bonding distances of the inner and outer helices, several 
non bonding distances, torsion angles and angles between the rings of hexahehcene (De 
Rango et al, 1973) and 1,3-di-t-butyl-hexahelicene are compared 
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The substituents on the tenninal nng cause a deviation from plananty of this ring which is 
shown by companson of the torsion angles of the substituted nng 
C(l)-C(2)-C(3)-C(4)-C(26)-C(25): -5.0 , 9.4 , 0.8 , -15.4 . 19.0 , -9.4, and those of the 
unsubstituled nng C(13)...C(18): -3.9 ,0.7 , 5 3 , -8 5 ,5.7 ,0.6. 
Acknowledgement' CAOS/CAMM facilities (see PREFACE) were used. 
Table I amtted. 
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Table II: Comparison of some geometrical features 
of hexahelicene and the present derivative. 
Mean bonding distances (A) 
inner helix 
outer helix 
Non-bonding distances 
CU) - CU6) 
C(l) - C(17) 
CU) - C(19) 
C(2) - CU5) 
C(17) - C(27) 
CU9) - C(27) 
Torsion angles (0) 
CU) -C(25)-C(23) 
C(25)-C(23)-C(21) 
C(23)-C(21)-C(19) 
C(21)-C(19)-C(17) 
Sum of the torsion angles 
Dihedral angles 
A - В 
В - С 
С - D 
D - E 
E - F 
Sum of the dihedral angles 
hexaheliccne 
-C(21) 
-CU9) 
-CU7) 
-CU6) 
Dihedral angle between terminal 
rings A - F 
1.44 
1.33 
3.21 
3.03 
3.07 
4.58 
-
-
11.2 
30.0 
30.3 
15.2 
66.7 
9.8 
15.2 
14.4 
14.2 
11.5 
65.1 
58.5 
DIBU 
1.44 
1.34 
3.31 
3.22 
3.32 
3 95 
3.78 
3.48 
31.9 
25.2 
25.1 
17.7 
99.9 
14.1 
15.4 
13.0 
11.2 
12.6 
66.3 
34.7 
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Crystal and molecular structure of 
S-(+)-*thyl-0-(4-phenjlbeiizoyI) Uctate, Οχ 8 Η 1 8 θ4 
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Toernooiveld, 6525 ED NIJMEGEN, The Netherlands 
H. Behm, W.P. Bosman and Paul T. Beurskens 
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Introduction 
Irradiation of 2-styrylbenzo[c]phenaiittirene 1 ш an isotropic solvent and in the presence 
of an oxidizing agent (viz I2) give nse to the formation of racemic hexaheltcene 2 (scheme 
1, Laarhoven et al, 1984) On irradaüon of 1 in a chiral solvent, 2 is formed with a small 
excess of one of its enantiomers (P or M) The kind of enantiomer depends on the molecu-
lar structure of the solvent, the extent of the enantiomenc excess depends also on the tem-
perature of irradiation (Laarhoven et al, 1978) Irradiation of 1 ш a solid solution m chiral 
crystals gives analogous results, but with slightly higher enantiomenc excess (Pnnsen et 
al, 1988) However, when S-(+)-elhyl-0-(4-phenylbenzoyl)lactate 3 was used as the sohd 
medium for the irradiation of 1, a reverse ш the enantiomenc excess was observed at about 
-150C 
M-l 
λ 
hv 
І2 
M-2 
hv 
P - l P-2 107 
з 
Below this temperature, the M enantiomer is formed in excess and above, (he Ρ enantiomer 
(Prinsen et al, 1988). One of the possible causes for the observation might be a change in 
the crystal structure of the solvent, depending on the temperature. To check this crystal 
structure analyses of the solid solvent were performed at two temperatures. The two struc­
ture déterminations are denoted TKRI(-25) and TKRI(+20). 
Experimental 
Crystal data of TKRI(-25): Τ = 248 К, Ci 8 Hi 8 04, Mr = 298.3, orthorhombic, 
Υλγίχΐχ, a = 6.328(3), b - 7.728(3), с = 31.819(10), V = 1556.1 À3, Ζ = 4, D
x
 = 1.274 
g/cm3, CuKa-radiation, μ = 6.94 cm"'. 
Crystal data of TKRI(+20): Τ = 293 К, CigHigO^ М
г
 = 298.3, orthorhombic, 
Υ1\1\1χ, a = 6.431(2), b = 7.762(3), с = 31.712(7), V = 1583.0 À3, Ζ = 4, D
x
 = 1.252 
g/cm3, CuKa-radiation, μ = 6.82 cm"'. 
Standard experimental details are given elsewhere (Smits et al., 1988, to be referred to 
as PREFACE). A crystal (approx: 0.35x0.40x0.05 mm), used for all measurements, was 
obtained by recrystallisation from ethanol. Unit cell dimensions from reflections with 16° < 
θ < 30°. Intensity data (up to θ =70°), for TKRI(-25) of 3481 reflections (quarter sphere), 
2940 unique reflections, 1750 observed (R
m
erge - 0042) and for TKRI(+20) of 6575 
reflections (half sphere), 3000 unique reflections, 1822 observed (Rmerge = 0.051). 
The structure was solved by vector search methods. L.s. refinement 271 variables, 
weight factor = 0.0001, shift/error less than 0.05. Final difference Fourier peaks less than 
0.20 e/ À3 . For TKRI(-25): R = 0.039, Rw = 0.038 for 1750 observed reflections; for 
TKRI(+20): R - 0.035, Rw - 0.039,1822 reflections; 
Programs used: EMPABS, ORIENT, TRACOR, DIRDIF, DIFABS (Walker & Stuart), 
SHELX (Sheldrick), PLUTO (Motherwell), PARST (Nardelli); for program references see 
PREFACE. 
Discussion 
There are no unusual geometries. The intramolecular O(7)...O(10) distance is 
3.25A. The dihedral angle between the two phenyl groups is about 9° (see Table 2), which 
is in the range as found in other unhindered biphenyls. As expected, the dihydral angles 
between the planes PI, P2, P3 (see Table 2) increase with the temperature. The angles have 
the same sense (see also Fig. 4) which is not changed by the change in temperature. A com-
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Fig. 1. Stereo view of tfae molecule TKRI(-23). Larger circles are oxygen atoms. 
C8 
Fig. 2. Crystallographic numbering scheme. 
Fig. 3. Plot of the unit cell contents along the a-axis. Larger circles are oxygen atoms. 
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parison of the two structure determinations shows that neither the crystal structure nor the 
molecular configuration is affected by the change in the temperature. The largest difference 
in the configuration is found in the torsion angles C(10>O(ll)-C(ll)-C(12) (149.7(4)° and 
152.3(4)° for TKRI(-25) and TKRI(+20), respectively), but this part of the molecule is very 
flexible, and the atoms have large vibrational parameters. (These results, however, do not 
exclude the possibility that a guest molecule 1 which replaces a molecule of the present 
structure, does change its preferential configuration at the given temperature.) The results 
agree with a recent DTA analysis of 3 in the given temperature range which does not indi­
cate a possible transition of the crystal structure (Prinsen et ai, 1988). 
We thank MJ. Raaymakers and J A.M. v.d. Mijden for their participation in this work. 
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Fig. 4. Deviations from the mean plane through the 4-phenylbenzoyl moiety (A, multiplied 
by 100). Values given are averaged im TKIU(-25) and TKRI(+20); largest individu-
al deviations are about 0.01À. 
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APPENDIX 
ChJjiopLicat руиореліЛлл of. alkyi-AuJL*titutul h&x.akeJJ.c£jieJ» 
In chapter 2 several alkyl-substituted hexahelicenes were resolved and 
their optical rotations were determined. Alkyl groups at the central positions 
of hexahelicene, viz. positions 1 and 16, induce deformation of the helical 
structure of hexahelicene, as has been concluded from their X-ray structures. 
Deformation of the helical skeleton is thought to be important for the 
chiroptical properties. However, the data collected in Table I show, that the 
optical rotation is not only influenced by alkyl groups at the positions 1 and 
16, but also by substituents at the positions 2, 3, 14 and 15, which have no 
effect on the helical structure. The molar elllpticities calculated from the 
CD spectra of alkyl-substituted hexahelicenes have been collected in Table II. 
Just as CD reflects the chirality of the molecule in its electronic ground 
state, circular polarization of luminescence (CPL) relates to the molecule in 
its emitting state. The preliminary results of CPL measurements of several 
alkyl-substituted have been collected in Table III. The CPL spectra show much 
vibrational structure, causing a strong dependence of g, on the wavelength. 
For a comparison of the CPL-data of alkyl-substituted hexahelicenes more 
extensive measurements will be needed. 
TABLE I: SPECIFIC ROTATIONS OF ALKYL-SUBSTITUTED HEXAHELICENES8 
Helicene mol wt [a] D (") M 
[6] 
1-Me[6] 
2-Me[6] 
3-Me[6] 
l,16-diMe[6] 
2,15-diMe[6] 
3,14-diMe[6] 
l,14-diMe[6] 
l,3,14,16-tetraMe[6] 
l,3di-¿ey!¿.Bu[6] 
328 
342 
342 
342 
356 
356 
356 
356 
384 
440 
3690 
3345 
3790 
3160 
3040 
3990 
3670 
3350 
3070 
2740 
12070 
11440 
12960 
10810 
10820 
14200 
13070 
11930 
11790 
12060 
for the P-enantiomer. M: molecular rotation - (mol wt · [о]іч)/100 
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TABLE II: MOUR ELLIPTICITIES OF ALKYL-SUBSTITUTED HEXAHELICENES3 
Helicene [Θ] x ΙΟ-5 (λ; nm) [Θ] x ΙΟ-5 (λ; nm) 
[6] 
2-Me[6] 
3-Me[6] 
l,16-diMe[6] 
2,I5-diMe[6] 
3,14-diMe[6] 
l,14-diMe[6] 
l.S.U.ie-tetraMetó] 
l,3-di-¿e>ti.Bu[6] 
- 7.11 
- 4.08 
- 6.88 
- 4.80 
- 6.71 
- 12.0 
- 7.04 
- 4.31 
- 4.84 
(323) 
(325) 
(324) 
(336) 
(326) 
(324) 
(327) 
(338) 
(337) 
+ 7.41 
+ 4.18 
+ 7.06 
+ 5.51 
+ 6.20 
+ 13.0 
+ 7.51 
+ 5.51 
+ 7.53 
(244) 
(245) 
(246) 
(247) 
(246) 
(248) 
(246) 
(254) 
(256) 
for the P-enantiomer. [θ] = molar ellipticity. 
Helicene g. x 10 л ILf
um 
[6] - 9.0 
2,15-diMe[6] _ 5.9 
l,14-diMe[6] - 12.4 
lt3,14,16-tetraMe[6] - 21.1 
l,3-di-¿e/uí.Bu[6] - 32.8 
a for the P-enantiomer. 
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sim/wy 
This thesis deals with the asymmetric synthesis of hexahelicene. The 
photochemical conversion of 2-styrylbenzo[c]phenanthrene (V) into enan-
tiomerically enriched hexahelicene (3) has been studied in chiral solvents, 
cholestric phases and chiral crystalline phases. 
Chapter 1 gives a general introduction on helicenes. Several methods to 
induce the asymmetric synthesis of hexahelicene are briefly reviewed. Some 
general properties of liquid crystalline phases, especially the cholesteric 
phases, are described. 
The enantiomeric excess (E.E.) of samples of (2) obtained from the chiral 
solvents has been measured by HPLC on silica gel coated with R(-)-TAPA. The 
procedure for preparation of the chiral stationary phase and its applications 
are described in chapter 2. The HPLC method allows the determination of the 
enantiomeric excess of (3) with a high accuracy and reproducibility within a 
short elution time. The special stationary phase has been used with success 
for the resolution of the enantiomers of alkyl-substituted hexahelicenes, the 
isolation of dihydrohexahelicenes, and the separation of polycyclic aromatic 
compounds. 
The photocyclization of 2-3tyrylbenzo[c]phenanthrene QJ in chiral 
solvents (chapter 5) yields apart from hexahelicene (3), two side-products: 
5,6- (j>) and 7,8-dihydrohexahelicene (£). Chapter 3 deals with the structure 
elucidations and conformational analyses of these compounds. The crystal 
structures of (5) and {§) demonstrate, that in the crystalline state both 
isomers occur in only one of two possible conformations. The NMR spectra of 
the aliphatic part of the two compounds indicate, that In solution the same 
conformation as in the solid state is highly preferred, although the existence 
of the second conformation can not be excluded completely. Force-field 
calculations have been used to compare the energy content of the two 
conformations of each of the dihydrohelicenes. 
The efficient conversion of Q.) into a mixture of (5) and (6) by irradia-
tion in the presence of a base is described in chapter 4. The ratio (Ji)/(6) 
is influenced strongly by the kind of deprotonating agent. In alkylamine the 
formation of (fj) is favoured, whereas in basic alcoholic solution (5) is the 
preferred product. In N-deuterated amine as well as in O-deuterated methanol 
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the ratio (5)/(6) is changed in favour of (5) in comparison with the non-
deuterated solvents. The reaction starts with the deprotonation of the 
primarily formed, unstable 16d,16e-dihydrohexahelicene (2), followed by a 
protonation. This step yields the precursors of (5) and (6), and the site of 
the protonation determines the eventual ratio of (5) and (6). It depends on 
the acidity of the protonating agent and the electron densities at the various 
sites for protonation in the intermediate. In basic alcoholic solution the 
proton is furnished by the solvent molecules, and protonation is determined by 
the electron densities in the intermediate, which is in favour of (_5). In 
alkylamine the proton is not furnished by the solvent but by the alkyl 
ammonium cation formed on deprotonation. Reprotonation occurs at the same side 
of the helical molecule, as where the cation is found yielding preferentially 
the precursor of (6). 
Irradiation of (1_) in several chiral alkylamines yields optically 
enriched (6) (E.E. 1%). Dilution of the chiral amine with diisopropyl ether 
increases the E.E. (2-4%). Dilution with a chiral solvent results in even 
higher E.E.-values (7-8%). 
The asymmetric synthesis of hexahelicene in chiral media is discussed in 
chapter 5. In isotropic chiral solvents the asymmetric induction depends on 
the kind of solvent, the presence of aromatic groups in the molecules of the 
solvent, and the temperature. The selectivity generally increases at lower 
temperatures resulting in E.E.-values up to 3%. 
Cholesteric phases have a small, but significant effect of on the extent 
of chiral induction. Right-handed cholesteric phases clearly enhance the 
formation of right-handed P-hexahelicene. Arguments are given that, at least 
in part, the influence of the cholesteric phase is caused by the fitting of 
the belicene precursor into the liquid crystalline phase. 
The highest E.E.-values of (3) (up to 7%) are obtained in chiral 
crystalline phases. In the crystalline phase of ethyl 0-(4-phenylbenzoyl)-
lactate the temperature has a remarkable effect on the chiral induction of 
(3). Above -15eC the P-enantiomer of (3) is favoured. Below this temperature 
M-(3) is formed in excess. Neither the crystal structures of the chiral solid 
phase at -25eC and at +15 "C, which are described in chapter 8, nor DSC-
measurements have revealed a sudden temperature-dependent change, which could 
furnish an explanation for this phenomenon. 
Chapter 6 describes the preparation of l,3-di-t&it,butyl-hexahelicene (7) 
in a high yield (90%) using optimized photocyclization conditions. After 
partly separation of the enantiomers (E.E. 64%) the racemization of M-(7) was 
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studied. Unlike other helicenes the racemization of (T) occurred at 
temperatures far above its melting point. The large positive value of the 
entropy of activation points to a mechanism of racemization by the breaking of 
a bond. 
The crystal structure of (T) is described in chapter 7. 
The chiroptical properties of enantiomers of alkyl-substituted helicenes 
separated by the HPLC method described in chapter 2 have been collected in 
the appendix. 
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SArWATTINÇ 
Dit proefschrift handelt over de asymmetrische synthese van hexahelicene. 
De fotochemische omzetting van 2-styrylbenzo[c]fenantreen (_y in enantiomeer 
verrijkt hexaheliceen (3^ ) is bestudeerd in chirale oplosmiddelen, 
cholesterische fasen en chirale kristallijne fasen. 
Hoofdstuk 1 geeft een algemene inleiding over helicenen. Er wordt een 
kort overzicht gegeven van enkele methoden om de asymmetrische synthese van 
hexahelicene te induceren. Enige algemene eigenschappen van vloeibare 
kristallen, in het bijzonder van de cholesterische fasen, worden beschreven. 
De enantiomere overmaat (E.E.) van monsters van (У) verkregen uit de 
chirale oplosmiddelen is gemeten door middel van HPLC op silica gel gecoat met 
R(-)-TAPA. De vervaardiging van de chirale stationaire fase en haar 
toepassingen worden beschreven in hoofdstuk 2. De HPLC methode maakt de 
bepaling van de enantiomere overmaat van (3), met een grote nauwkeurigheid en 
reproduceerbaarheid, in een korte tijd mogelijk. De speciale stationaire fase 
is met succes gebruikt voor de resolutie van de enantiomeren van alkyl-
gesubstitueerde hexahelicenen, het isoleren van dihydrohexahelicenen, en de 
scheiding van polycyclische aromatische verbindingen. 
De fotocyclizering van 2-styrylbenzo[c]fenantreen (1) in chirale oplos­
middelen (hoofdstuk 5) geeft naast hexaheliceen (¿) twee bijprodukten: 5,6-
(5) en 7,8-dihydrohexaheliceen (¿). Hoofdstuk 3 handelt over de struk-
tuurophelderingen en de konformatie-analyses van deze verbindingen. De kris-
talstrukturen van (5) en (6) tonen aan, dat in de kristallijne toestand beide 
isomeren in slechts een van twee mogelijke konformaties voorkomen. De NMR 
spektra van het alifatische deel van de twee verbindingen duiden erop, dat in 
oplossing dezelfde konformatie als in de vaste toestand het gunstigst is, 
hoewel het voorkomen van de tweede konformaties niet volledig kan worden 
uitgesloten. Force-field berekeningen zijn gebruikt om de energie-inhoud van 
de twee konformaties van elk van de dihydrohelicenen te vergelijken. 
De efficiente omzetting van (V) in een mengsel van (5^ ) en (6} door 
bestraling in het bijzijn van een base wordt beschreven in hoofdstuk 4. De 
verhouding (5)/(6) wordt sterk beïnvloed door de soort base. In alkylamine 
wordt bij voorkeur (¿) gevormd, terwijl in basische alkoholische oplossing (¿) 
het voorkeursprodukt is. In zowel N-gedeutereerd amine als O-gedeutereerde 
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methanol verandert de verhouding (5)/(6) ten gunste van (5) in vergelijking 
met de niet-gedeutereerde oplosmiddelen. De reaktie begint met de 
deprotonering van het primair gevormde, onstabiele 16d,16e-dihydrohexaheliceen 
(J2), gevolgd door een protonering. Deze stap levert de precursors van (5) en 
(6), en de positie van de protonering bepaalt de uiteindelijke verhouding van 
(5) en (6). Zij hangt af van de zuurgraad van het protoneringsmiddel en de 
elektronendichtheden op de verschillende te protoneren posities in het 
intermediair. In basisch alkoholische oplossing is het proton afkomstig van de 
molekulen van het oplosmiddel, en de protonering wordt bepaald door de 
elektronendichtheden in het intermediair, wat ten gunste is van (5). In alkyl-
amine is het proton niet afkomstig van het oplosmiddel, maar van het alkyl 
ammonium kation, dat wordt gevormd bij de deprotonering. Reprotonering vindt 
plaats aan die kant van het intermediair, waar het kation zich bevindt, wat 
bij voorkeur de precursor van (6) geeft. 
Bestraling van (_1_) in verscheidene chirale alkylamines geeft enantiomeer 
verrijkt (6) (E.E. 1%). De E.E. neemt toe bij verdunning van het chirale amine 
met dlisopropyl ether (2—4%). Verdunning met een chiral oplosmiddel resulteert 
in nog hogere E.E.-waarden (7-8%). 
De asymmetrische synthese van hexaheliceen in chirale media wordt 
besproken in hoofdstuk 5. In isotrope chirale oplosmiddelen hangt de asym-
metrische induktie af van het soort oplosmiddel, de aanwezigheid van 
aromatische groepen in de molekulen van het oplosmiddel, en de temperatuur. De 
selektivlteit neemt in het algemeen toe bij lagere temperaturen, wat 
resulteert in E.E.-waarden, die kunnen oplopen tot 3%. 
Cholesterische fasen hebben een klein, maar signifikant effekt op de mate 
van chirale induktie. Rechtshändige cholesterische fasen bevorderen duidelijk 
de vorming van rechtshändig P-hexaheliceen. Er worden argumenten gegeven, dat 
de invloed van de cholesterische fasen, ten minste voor een deel, wordt 
veroorzaakt door het passen van de precursor van hexaheliceen in de vloeibaar 
kristallijne fase. 
De hoogste E.E.-waarden voor (3) (tot 7%) worden verkregen in chirale 
kristallijne fasen. In de kristallijne fase van ethyl 0-(4-fenylbezoyl)lactaat 
heeft de temperatuur een opmerkelijke invloed op de chirale induktie. Boven 
-15eC wordt bij voorkeur de P-enantiomeer van (3) gevormd. Beneden deze 
temperatuur wordt M-(3} in overmaat gevormd. Noch de kristalstrukturen van de 
chirale vaste fase bij -25eC en +20oCt die worden beschreven in hoofdstuk 8, 
noch DSC-metlngen hebben een plotselinge temperatuur-afhankelljke verandering 
van de fase aan het licht gebracht, die dit verschijnsel zou kunnen verklaren. 
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Hoofdstuk 6 beschrijft de synthese van 1,3-di-ie/u!.. butylhexaheliceen (T) 
in een hoge opbrengst (90%) door middel van een fotocyclizering onder optimale 
omstandigheden. Na een gedeeltelijke scheiding van de enantiomeren (E.E. 64%) 
is de racemizatie van M-(7.) bestudeerd. Anders dan andere helicenen vindt de 
racemizatie van (T) plaats bij temperaturen ver boven zijn smeltpunt. De grote 
positieve waarde voor de aktiveringsentropie wijst op een mechanisme van 
racemizatie waarbij een binding vordt verbroken. 
De kristalstruktuur van (T) wordt beschreven in hoofdstuk 7. 
De chiroptische eigenschappen van de enantiomeren van alkyl-gesubsti-
tueerde hexahelicenen, die zijn gescheiden door middel van de HPLC methode 
beschreven in hoofdstuk 2, zijn verzameld in een appendix. 
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